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 ABSTRACT 
 
We are entering a new era of more detailed, visible, attributable and sharable energy 
consumption information facilitated by ubiquitous computing technology such as 
eco-feedback and smart metering. Eco-feedback is changing the ways in which 
householders are able to receive and interact with information on their energy 
consumption, allowing far more immediate and comprehensive detail on a range of 
consumption parameters compared to the traditional quarterly bill. Due to a tendency 
to produce energy savings among the households into which it is installed, eco-
feedback technology is lauded as having significant potential to change peoples’ 
energy use behaviour and address large-scale problems concerned with resource 
management such as climate change and peak demand. These factors have led to a 
perception of eco-feedback primarily as a facilitator of behaviour change, which in 
turn has limited enquiry into the setting into which it is often deployed (the family 
home) and the heterogeneous norms, practices and attitudes of the people residing in 
that setting.  
 
This research aims to inform eco-feedback design through the observation and 
analysis of people’s practices in their transition to the increasingly visible and 
sharable nature of energy use information. The question is asked: how can design 
best engage people with energy consumption information, making feedback more 
relevant to home occupants? Towards answering this, a specifically bottom-up 
approach is employed, based on the study of what people do with eco-feedback, not 
what eco-feedback can do to people. A number of qualitative research methods are 
employed with a total of 58 households across two research groups in Brisbane and 
the Gold Coast. Inquiry centres on the social context of energy in the home and 
peoples’ attitudes towards, use of, and understandings of eco-feedback. Based on 
findings made through these methods, this thesis identifies means for: making eco-
feedback more relevant to occupants in the family home, ideating alternative ways of 
sharing energy-related information, providing lasting engagement over the long-term 
and better protecting user privacy. The thesis concludes with suggestions for how to 
expand the scope for future work investigating eco-feedback, so that it better 
considers and accounts for the context in which domestic energy is used. 
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 Chapter 1: Introduction 
Since the early days of ubiquitous suburban electrification, energy consumption has 
represented a process of tapping into a seemingly boundless supply of invisible 
energy immediately available at the flick of a switch. The evidence of the 
consumption is as immediate as the light that fills the room, however, the 
quantification of this consumption is often far less immediate. Even when 
consumption is quantified in the form of an energy bill, the actions, appliances and 
people that have contributed to the bill are not apparent. Although this situation of 
infrequent paper billing is still common, the ways households receive information 
about their energy use is beginning to change.   
 
We are currently entering a new era of energy use in the home, characterised by 
more immediate, more visible and more sharable energy use information. The new 
era represents a product of the increasingly embedded “smart” and ubiquitous nature 
of computing and technology in everyday life (Brereton and Buur 2008). Smart 
electricity and water meters now allow for rapid and regular transmission of 
consumption data directly to the energy utility, facilitating superior demand 
management and the introduction of more flexible pricing structures (Darby 2010). 
Home automation systems can cool the house in time for the arrival of its occupants 
and use the motion sensors of the security system to turn on the bathroom light at 
night. In-home energy use feedback displays allow a family to compare how 
different appliances affect their total power use from week to week. These in-home 
displays are not only a source of information about energy use but a necessary 
interface for other smart energy technologies. Thus computerised displays of energy 
use –generalised in this thesis as “eco-feedback”- are one of the key technologies in 
this paradigm shift towards smart energy in the home.  
 
The term eco-feedback encompasses a suite of technologies that deliver more 
immediate, more itemised, more detailed and often more visual energy consumption 
information than that offered by traditional utility bills. Eco-feedback is provided 
through a wide range of user interfaces from wall-mounted in-home displays, 
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 portable wireless displays, tablet or web-based interfaces; producing information on 
any number of energy use parameters, for instance digital, graphical and visual 
displays of consumption. As opposed to the general information provided once every 
three months on energy bills, eco-feedback provides detailed information that is 
available on demand, as required and can often be uploaded and shared online or 
though social media (Mankoff et al. 2010, Petkov et al. 2011, Erickson et al. 2013). 
The contribution of specific appliances and actions to the total bill can be reconciled 
and, based on this information householders can (in theory) adapt their behaviour 
towards more efficient consumption choices. Thus this emerging standard of visible 
and sharable energy consumption information provides families with a useful means 
of visualising, discussing, sharing, learning about and potentially better managing 
their energy usage (Grønhøj and Thøgersen 2011, Hargreaves et al. 2013).  
 
On the other hand, the new paradigm of visible and sharable energy use information 
brings with it its own concerns. For example analysis of fine-grained consumption 
information can reveal details of otherwise private family practices, raising privacy 
as a potential concern with energy use information (Quinn 2009, Froehlich et al. 
2012). Further, the setting into which eco-feedback systems are installed, the family 
home, is complex. Household dynamics and peoples’ everyday practices are 
described as heterogeneous, changeable and influenced strongly by equally 
changeable social norms and conventions (Shove 2003, Strengers 2013).  This raises 
the question of whether families will actually adopt the more economically rational 
behaviour that is facilitated by eco-feedback and if they do, whether such behaviour 
change will endure over time.  (Hargreaves et al. 2013). Despite a rich literature 
concerning eco-feedback and energy efficient behaviour change (Farher and 
Fitzpatrick 1989, Abrahamse et al. 2005, Darby 2006, Schultz et al. 2007, Fischer 
2008, Froehlich et al. 2010), studies exploring the context into which these systems 
are installed (the family home) and the appropriation of such technologies within this 
complex environment are less common (Hargreaves et al. 2010, 2013, Pierce et al. 
2010, Pink et al. 2013, Strengers 2008, 2011, 2013, Schwartz et al. 2013a, 2013b). 
These factors give rise to the problem area that this thesis attempts to address.   
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 1.1 RESEARCH PROBLEM AREA 
The problem area addressed by this research relates to the design of eco-feedback 
systems and the common conceptualisation by researchers and designers that eco-
feedback systems represent a tool for persuading people towards alternative energy 
use behaviours. Schwartz et al. considers: “the design of energy feedback systems is 
dominated by a rationalistic paradigm where principles of efficiency and rationality 
are applied on a household level” (Schwartz et al. 2013b, pp. 19). When considered 
in this rationalist paradigm, eco-feedback responds to an ‘information deficit’ 
characterised by users lacking information regarding the contributors to their energy 
consumption and therefore being ill-placed to determine and implement the most 
appropriate energy efficient behaviour changes. It follows then, that by providing 
households with more information on their energy consumption through eco-
feedback, that they will be able to better manage their consumption and ultimately 
modify their energy use in more efficient ways (Abrahamse et al. 2005). Yet this 
rationale, which implicitly positions consumers as rational resource managers 
(Strengers 2011), is problematic and stands at odds with understandings of household 
dynamics and peoples’ everyday practices as messy, changeable and influenced by 
social norms and conventions (Shove 2003, Hargreaves et al. 2013).   
 
Despite an abundance of eco-feedback studies in the literature, many are concerned 
with how to maximise the effect of eco-feedback as a Persuasive Technology (Fogg 
2003) and more user-centred approaches that seek to understand and respond to 
practices are less common. There is a growing recognition that providing awareness 
of consumption alone is not a reliable precursor to behaviour change (Sofoulis 2005) 
and that “studying “what systems do to people’...cannot account for ‘what people do 
with systems” (Schwartz et al. 2013a, pp.1193). As such, rather than investigating 
how eco-feedback may be best designed to change behaviour, a more suitable target 
for research might be how the new era of visible and sharable energy use information 
is likely to affect people themselves and how technology in this domain may be 
designed to best support them in their decisions (Pierce et al. 2010 and 2011). 
 
Chapter 1: Introduction 3 
 1.2 RESEARCH QUESTIONS AND OBJECTIVES 
The research contained within this thesis takes a holistic and participatory approach 
to designing in the realm of the social context of energy consumption. The design 
space occupied by this research approximates an intersection between the family, 
their home infrastructure (such as appliances and built environment); their social 
networks (such as friends, neighbours and acquaintances) and their electricity 
feedback technology. 
 
This research aims to inform eco-feedback design through the observation and 
analysis of people’s practices in their transition to the increasingly visible and 
sharable nature of energy information. It focuses on designing for the provision of 
energy use information utilising a uniquely user-centric bottom-up approach to the 
technology in the absence of a persuasive framing. The framing of the research in 
this way does not disregard the important role eco-feedback can potentially play as a 
persuasive technology and an agent for behaviour change (Froehlich et al. 2010); but 
instead, concentrates efforts on better understanding how people use the technology, 
whether and how they are engaged by it and attempts to determine how eco-feedback 
might be designed to better engage people directly or indirectly with energy use.  
 
The specific questions and objectives to be addressed by this research are provided 
below: 
 
Research Question 
  
 
Q1: How can design best engage people with energy consumption information, 
making feedback more relevant to home occupants? 
 
 
Research Objectives 
  
More specifically, this research aims to address the following objectives which seek 
to broaden the existing scope of enquiry into energy consumption information: 
 
O1: To understand how energy consumption is enacted through familial and 
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 social routines 
 
O2: To understand how energy monitoring technology such as eco-feedback is 
appropriated into the household and how it is used (or not used) by different 
family members 
 
O3: To understand when and why people share different aspects of their energy 
consumption information with others both within and beyond the home 
 
O4: To understand whether and in what way energy consumption information 
may give rise to concerns over privacy  
 
1.3 RESEARCH SIGNIFICANCE AND INNOVATION 
1.3.1 Practical significance 
This research is significant from the viewpoint of regulators and policymakers in the 
field of energy use. Australia uses approximately 22% more electricity per capita 
than the OECD average (Garnaut 2008) with residential electricity consumption 
growing by 1.5% between 2008 and 2011 (AEE Final Report 2013). Peak demand 
also represents a significant issue facing policy makers in Australia, where a 
proliferation of household air conditioning in recent years causes periods of extreme 
energy demand during heat waves. Due to these short yet acute demand peaks, it is 
estimated that 15% of the total capacity of the National Electricity Market is required 
for only four days of each year (Strengers 2013). For this reason, research into the 
ways households receive, interact with, and share electricity-related information is 
useful to regulators and policymakers wishing to better understand energy 
consumption patterns and the relationship between everyday life and energy use.  
 
This research is also significant from the viewpoint of users of electricity and of 
designers. Australian electricity prices rose by 72% between 2008 and 2013 (ESAA 
2013). Yet the frequency at which most Australians receive information on their 
consumption remains only once every three months, in the form of a paper bill. This 
is significant considering that even monthly bills have been deemed too infrequent to 
provide sufficient information or context to foster sustainable behaviours (Kempton 
and Layne 1994). As such, electricity has been described as “doubly invisible” (Nye 
and Burgess 2008, Hargreaves et al. 2010); invisible in that it cannot be seen, 
entering the house through often invisible wires, and doubly invisible considering 
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 that energy consuming behaviours are often “part of inconspicuous routines and 
habits” (Hargreaves et al. 2010, pp.6111, citing Shove 2003). Design has the 
potential to play an important role in using technology to provide more detailed and 
frequent consumption feedback to users in ways that account for and fit within the 
messy setting of the home and the heterogeneous individuals within that space while 
at the same time fitting within existing routines and protecting their privacy. 
Considering the likelihood of an increase in the ubiquity of eco-feedback in the 
following years (Hargreaves et al. 2013), it may be argued that the end users of this 
technology should be involved themselves in the process of its design from both a 
moral perspective (since designs will affect their lives) and from a pragmatic 
perspective, (since end users know about the context in which the technology is 
used). As such, the significance of this research extends not just to the field of energy 
policy, but also to the fields of participatory design and human-computer interaction 
(HCI). 
 
1.3.2 Theoretical significance 
The theoretical significance of this research lies in the approach it takes to 
understand the problem. Eco-feedback is often conceptualised by designers and 
policymakers as a tool for provoking behaviour change; a persuasive technology 
(Fogg 2003, Faruquai et al. 2010, Froehlich et al. 2010). However, concerns are 
expressed by certain authors regarding the need to move beyond persuasion and for 
HCI to be “more sensitive to the framing of sustainability, the broader societal 
context and the role of everyday routines and the social order of the home” 
(Costanza et al. 2014, pp.2). This research follows a more bottom-up, user-led 
approach incorporating principles of ethnography and participatory design in 
exploring the use of eco-feedback and the social construction of energy use in the 
family home. Following Schön (1990) who contends that adequate problem 
formulation is as important as solving the problem itself, this approach seeks to 
understand eco-feedback in the household context, namely, what people do with eco-
feedback as opposed to what eco-feedback is capable of doing to people (Schwartz et 
al. 2013a). This provides a more social lens through which to understand the 
complex problems associated with energy consumption in the intimate setting of the 
family home. 
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1.4 RESEARCH PAPERS  
This section provides a summary of the published research papers resulting from this 
study. Before being presented in their entirety (Chapters 4, 5, 6, 7 and 8), the papers 
are summarised here in Table 1-1 Research Papers related to Research Objectives 
with reference to their relation to the Research Questions and Research Objectives 
they address. A more thorough preamble for each of the papers and their relationship 
to the research as a whole, and to each other, is provided at the beginning of each of 
the designated research paper chapters. Appendix A contains a further published 
research paper comparing use of energy in developing and developed countries that 
is not central to the line of argument of the thesis.  
 
Table 1-1 Research Papers related to Research Objectives provides an indication 
of how each of the research papers (Chapters 4, 5, 6, 7 and 8 of this thesis) relate to 
the Research Problem, Research Question and specifically the Research Objectives. 
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How can design best engage people with energy consumption information, making 
feedback more relevant to home occupants? 
O
B
JE
C
T
IV
E
S 
 
O1: To 
understand how 
energy 
consumption is 
enacted through 
familial and social 
routines 
 
O2: To understand 
how energy 
monitoring technology 
such as eco-feedback 
is appropriated into 
the household and 
how it is used (or not 
used) by different 
family members 
 
 
O3: To understand 
when and why 
people share 
different aspects of 
their energy 
consumption 
information with 
others both within 
and beyond the home 
 
 
O4: To understand 
whether and in what 
way energy 
consumption 
information may 
give rise to concerns 
over privacy 
C
H
A
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E
R
 4
 
 
Snow, S. & Brereton, M. (2012). The value of smart metering household electricity 
consumption. In Tunstall, Elizabeth & Clausen, Mads (Eds.) 2012 Participatory Innovation 
Conference Digital Proceedings, Swinburne University, Melbourne, VIC, pp. 1-6.  
Relates to Objectives: O1, O3 
 
This paper explores how sharing smart metered information might facilitate the creation of 
alternative value propositions for businesses in the likely future of ubiquitous smart 
metering. Also, how householders understand and make use of alternative visualisations of 
their energy consumption. Being largely exploratory in nature, this paper provided some 
useful insights for the design of the subsequent research undertaken towards this thesis. 
 
C
H
A
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E
R
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Snow, S. & Brereton, M. (2012) Beyond demand management: the value of sharing 
electricity information. In Proceedings of the BCS HCI 2012- People and Computers XXVI, 
ACM Digital Libraries, University of Birmingham, Birmingham, pp. 392-397.  
Relates to Objectives: O3,  O4 
 
Building on Chapter 4, this paper re-directs attention from businesses and smart metering 
towards the family home. Findings suggest that socially sharing information related to 
energy consumption represents a potential means of better engaging householders with 
their energy use, but that privacy must be adequately managed. 
 
C
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Snow, S., Radke, K., Vyas, D., & Brereton, M. (2014) Privacy Issues in the New Era of 
Visible and Sharable Energy Use Information. In Proceedings of the 26th Australian 
Computer-Human Interaction Conference: Association for Computing Machinery (ACM), 
Sydney, Australia 
Relates to Objectives: O1, O3, O4 
 
Building on Chapter 5, this paper looks specifically at privacy issues related to eco-
feedback and energy use information in the home. The paper provides considerations for 
how privacy might be maintained when sharing eco-feedback. One example of this is 
affording users the ability to censor what information is shared, such as creating 
contextually appropriate “packets” of energy use data, rather than sharing entire datasets at 
the potential expense of privacy. 
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Snow, S., Buys, L., Roe, P. & Brereton, M. (2013) Curiosity to cupboard: self-reported 
disengagement with energy use feedback over time. In Proceedings of the 25th Australian 
Computer-Human Interaction Conference: Association for Computing Machinery (ACM), 
Adelaide, Australia 
Relates to Objectives: O1, O2 
 
This paper relates to eco-feedback use over the long term. Alongside privacy, longitudinal 
engagement with eco-feedback is highlighted as a specific knowledge gap in the literature. 
The paper finds that the energy monitors installed became backgrounded over time and did 
not provide lasting engagement. It was also determined however, that rather than the 
simplistic design of the monitors, a range of other more individual and social factors 
contributed to the lack of lasting engagement. The paper concludes with some suggestions 
for how to better maintain interest and engagement with eco-feedback over the long term. 
 
C
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R
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Snow, S., Vyas, D., Brereton, M. (2015) When an Eco-feedback System Joins the Family. 
Accepted and in Press: Journal of Personal and Ubiquitous Computing, Published online: 
February 2015. DOI 10.1007/s00779-015-0839-y 
Relates to Objectives: O1, O2, O3 
 
This paper is concerned with how the whole family interacts with and understands eco-
feedback, rather than just one family representative or “participant”. This paper represents 
the final step in the progression from more high level exploratory work examining smart 
meters and third party stakeholders (Chapter 4) towards a focus on the interactions within 
the family home itself (Chapter 8). The paper explores family dynamics on the use of eco-
feedback suggests that design needs to recognise and respond to the kinds of family 
relations into which eco-feedback systems are embedded.  
 
Table 1-1 Research Papers related to Research Objectives 
 
It can be seen in Table 1-1 Research Papers related to Research Objectives 
(above), that the progression of research papers resultant from this study follows a 
pattern of an increasingly sharp focus on the family home. While Chapters 4 and 5 
explore the role of smart metering, energy utilities and other stakeholders in a smart 
metered future, the focus of subsequent papers is directed more towards the home. 
Chapters 5, 6 and 7 explore how eco-feedback information is used at home and how 
it is shared with others, while Chapter 8 concentrates specifically on the home itself 
and how the nuances of family dynamics and different individuals affect eco-
feedback use (refer Figure 1-1: Progression of focus of research papers).  
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Figure 1-1: Progression of focus of research papers 
 
1.5 OVERVIEW OF INTERVENTIONS 
This section provides an overview of the interventions studied as part of this 
research. While a more in-depth discussion of each intervention is presented in 
Chapter 3 (Research Design), Table 1-2 Interventions Relating to Research 
Papers (below) provides a brief description of each of the research paper(s) to which 
they are relevant.  
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Intervention Description  Relating to 
Research 
Papers 
(1) Initial 
Visualisation 
Prototypes 
 
 
 
 
Visualisation of two Danish households’ energy 
consumption based on smart metered electricity 
information. One paper-based, one computer-generated 
animation. Refer Section 3.1 for further details of this 
methodology. 
Chapter 4 
(2) Smart meter 
Ideation 
Workshop 
 
A short ideation workshop was held with three groups 
of 5-6 designers at a Participatory Innovation 
Conference. The intention of the workshop was for each 
group to collaborate in designing mock-up models for 
alternative information, cost and value flows between 
smart meter stakeholders. Refer Section 3.2 for further 
details of this methodology. 
 
 
Chapter 5 
(2) Digital Energy 
Monitors 
 
Qualitative interviews were undertaken with 23 
households from suburban Brisbane. Through the 
course of the interviews it emerged that 18 of the 23 
households owned small digital energy monitors. 
Participants were questioned about their attitudes 
towards, use of, and understanding of these monitors 
and were asked to describe their ‘ideal’ electricity 
feedback. Refer Section 3.3 for further details of this 
methodology. 
Chapter 5, 
Chapter 6 
Chapter 7 
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 (3) Ecosphere Eco-
feedback Device 
(Pre-Install 
Interviews) 
 
Thirty five households in the Riverstone Crossing 
community in the Gold Coast Hinterland were selected 
to take part in an eco-feedback trial run by a residential 
developer. Prior to the installation of the eco-feedback, 
qualitative interviews were conducted with all 
households regarding their attitudes towards their soon-
to-be installed eco-feedback device, its position in the 
home, privacy and their anticipated use of it. Refer 
Section 3.4 for further details of this methodology. 
Chapter 6 
(4) Ecosphere Eco-
feedback Device 
(Self-authored 
Video Interviews)  
 
From the initial 35 households participating in the eco-
feedback trial, a sample of 12 was selected to take part 
in a follow-up exercise 5-6 months following the install 
of their eco-feedback. This involved the families self-
authoring their own video content; answering questions 
attached to the cameras and filming their interactions 
with their eco-feedback system. Refer Section 3.5 for 
further details of this methodology. 
 
Chapter 6 
Chapter 8 
Table 1-2 Interventions Relating to Research Papers 
 
 
Chapter 1: Introduction 12 
 Chapter 2: Literature Review 
This literature review covers topics related to the social context of energy 
consumption and energy consumption information in the home. Initially a practical 
background to the research is presented. This includes an in-depth review of 
literature surrounding eco-feedback according to the two dominant rationales for its 
deployment; top-down (i.e. technology centred) and bottom-up (i.e. human-centred). 
From this practical background, some of the key knowledge gaps which this research 
aims to address are presented and discussed. Following this, a theoretical background 
to the research is presented, which outlines the fields of enquiry which this research 
draws upon and serves in part as a justification for the research methods employed 
by this study. 
2.1 PRACTICAL BACKGROUND 
Energy consumption in the home represents a compelling area for research due to 
rising global energy demand, a continued reliance on non-renewable resources for 
base-load energy generation (in Australia) and the contribution of residential energy 
load to peak demand (Schwartz et al. 2013a, Costanza et al. 2014). Sustainability and 
the sustainable management of energy resources now represent priorities of 
governments world-wide. These priorities have materialised as an increased focus on 
the design of products and services aimed at transitioning, enabling, encouraging, 
facilitating and persuading users towards more sustainable or less resource intensive 
behaviours and lifestyles (Lockton et al. 2008, Woodfuff et al. 2008). In relation to 
domestic energy consumption, ‘sustainability’ is most commonly translated into 
practices such as using less power, or changing power use behaviours (Fischer et al. 
2008, Foster et al. 2008). Eco-feedback systems in their various forms have become 
a target of a great deal of attention by designers in this context, due to their ability to 
provide more immediate, more visual and more detailed information to householders 
on their energy consumption (Froehlich et al. 2010).  
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 2.1.1 Situating eco-feedback in the new era 
While this thesis concentrates primarily on eco-feedback, it is important to situate 
eco-feedback within the broader context of smart energy infrastructures and systems 
that characterise the new era of visible and sharable energy use information.  
 
The term ‘smart’ when applied in this context encapsulates “ideals of efficiency, 
security and utilitarian control in a technologically mediated and enabled 
environment” (Strengers 2013, pp.1). Smart energy systems are characterised by the 
increasingly ubiquitous nature and increasingly fundamental role of computers in 
energy supply, distribution and management. Smart meters represent replacements 
for the traditional “dumb” analogue electricity meters still common across most 
states of Australia. Negating the need for manual readings by humans, smart meters 
automatically send consumption information to the energy utility at regular 
automated intervals (Fan et al. 2010). This allows for bi-directional information 
flows, where the meter is capable of receiving information from the energy utility as 
well as transmitting it (Darby 2010). Smart meters feed information into Smart 
Grids. Smart Grids are computerised electricity grids “capable of handling large 
amounts of distributed and renewable energy supply”, enabling energy authorities 
considerable efficiency improvements and demand-side management possibilities 
(Hargreaves et al. 2013, pp.126). The regular transmission of consumption data and 
the two-way communication capability afforded by smart meters provides for the 
possibility of alternative energy pricing structures such as dynamic energy pricing, 
where the retail price of energy fluctuates according to the time of day (time-of-use 
pricing) or according to periods of peak demand experienced by the grid (critical 
peak pricing) (Darby 2010, Strengers 2013). Smart Grids are already established in 
areas of Scandinavia (Göteborg Energi 2014, Smart Grid Norway 2014), with 
England expecting a complete roll-out by 2020 (Hargreaves et al. 2013). 
 
Eco-feedback systems are often provided alongside smart meter roll-outs as a human 
interface for the smart meter (Darby 2010, Hargreaves et al. 2013). van Dam et al. 
(2010) differentiates eco-feedback from smart meters in that eco-feedback provides 
information to the user about their energy consumption, whereas smart meters are 
designed primarily to benefit energy utilities. In a smart metered scenario, 
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 householders will be afforded the ability to monitor the prevailing electricity tariff at 
any given time through the information provided to them by their eco-feedback and 
receive information about upcoming changes to tariffs, such that they can shift their 
consumption patterns to more economic periods. While the accompaniment of smart 
meters with eco-feedback in this way is expected to help enable people to manage 
and monitor their consumption, save money and help the environment, Hargreaves 
argues:  
“Despite acknowledging that these measures will: ‘affect everyday life for 
millions of people and will empower individuals, businesses and communities 
to choose how they will play their part in reducing the UK’s carbon 
emissions… there remains a startling lack of understanding or empirical 
evidence about how feedback from SEMs (Smart Energy Meters) will be used 
by householders, how it will (or will not) translate into changed consumption 
patterns or, and crucially, about whether or not any changes made will prove 
durable over time” (Hargreaves et al. 2013, pp. 126) 
 
These factors provide a compelling rationale for the more bottom-up, human-centred 
approach to eco-feedback research that this thesis attempts. While the relationship 
between eco-feedback, smart meters, smart grids and the demand-side management 
options they offer is important, so too is the relationship between the eco-feedback 
interface and the humans who use it. This thesis concentrates attention on the latter. 
 
2.1.2 Energy consumption feedback 
As described in Chapter 1, the term eco-feedback encompasses a suite of 
technologies that deliver more immediate, detailed and visual energy consumption 
information than that offered by traditional utility bills. From its beginnings almost 
exclusively as a research deployment or as a human-interface for other technologies 
such as smart meters, various forms of eco-feedback have become increasingly 
available off-the-shelf as stand-alone installations (Yang and Newman 2013). 
 
Providing households with more detailed energy consumption information has been 
the topic of considerable research for almost 40 years, spanning the disciplines of 
energy policy (Darby 2006, Faruquai et al. 2010), environmental psychology 
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 (McClelland and Cook 1980, Abrahamse et al. 2005) and Human Computer 
Interaction (HCI) (Chetty et al. 2008, Pierce et al. 2010, Petkov et al. 2011, Froehlich 
et al. 2010, 2012, Schwartz et al. 2013a, 2013b). It has represented the focus of 
numerous individual studies and several meta-reviews attempting to analyse and 
compare this literature (Fahar and Fitzpatrick 1989, Darby 2006, Fischer 2008, 
Froehlich et al. 2010). Energy use feedback can be divided into indirect feedback, for 
example more frequent and informative energy billing (Arvola et al. 1993, Wilhite 
and Ling 1995, Sernhed et al. 2003) and direct or ‘real time’ feedback, for example 
energy monitors (McClelland and Cook 1980, Sexton et al. 1987, Van Houwlingen 
and Van Raaij 1989) and more advanced computerised and/or interactive displays of 
various aspects of energy use (Gronhoj and Thogersen 2011, Schwartz et al. 2013b). 
This thesis concentrates on computerised direct (or ‘real time’) feedback which we 
generalise here as ‘eco-feedback’. 
 
Broadly speaking, research on eco-feedback and sustainable technology in the home 
more generally, tends to be approached and justified through two separate but related 
lenses: (1) top-down, for example technology as a facilitator of sustainable behaviour 
change following rational choice models (Abrahamse et al. 2005, Fischer 2008, 
Froehlich et al. 2010) and; (2) bottom-up, for example examining the social context 
of energy use and how energy consumption is constituted and embodied in 
household routines and everyday practices (Hargreaves et al. 2010, 2013, Pierce et 
al. 2010, 2011, Strengers 2011, 2013). The more dominant top-down rationale for 
eco-feedback tends to investigate the technology according to its capacity for 
realising energy savings among households. Conversely, more bottom-up or human-
centred studies explore what people do with eco-feedback rather than what eco-
feedback does to people (Schwartz et al. 2013a); for example the use of eco-feedback 
by different family members (Grønhøj and Thøgersen 2011), appropriation into the 
fabric of the family home and the potential for eco-feedback to interest householders 
and provide engagement with energy consumption (Hargreaves et al. 2010, 2013, 
Strengers 2013). This more user-centric focus is more common when eco-feedback is 
not deployed with the specific intention of changing behaviour; rather, seeking to 
understand energy consumption as embodied in practices, looking at the potential for 
eco-feedback to raise energy literacy and inform consumption decisions in the 
Chapter 2: Literature Review 16 
 absence of a persuasive framing (Schwartz et al. 2013a, Hargreaves et al. 2010, 
2013). These two approaches are discussed in more detail below. 
 
2.1.3 Top down: Eco-feedback as a persuasive technology 
Studies investigating eco-feedback from a top-down perspective- i.e. determining the 
effect of eco-feedback on people- define the technology as interventionist. Froehlich 
et al. (2010) for example in a meta-review of 135 eco-feedback related papers define 
eco-feedback as: “Technology that provides feedback on individual or group 
behaviours with a goal of reducing environmental impact” (Froehlich et al. 2010, pp. 
1, emphasis added). This is reminiscent of BJ Fogg’s work on “Persuasive 
Technology”; i.e. technology designed with the express intention of changing users’ 
behaviour (Fogg 2003). Persuasive Technology focuses on “how behaviour 
modification can be induced by intervening in moments of local decision-making and 
by providing people with new rewards and new motivations for desirable 
behaviours” (Dourish 2008, pp.2). In order to change behaviour, the Fogg Behaviour 
Model stipulates that behaviour change requires the simultaneous convergence of 
three elements: (1) Motivation (2) Ability and (3) Triggers (Fogg 2014). Although 
very few eco-feedback studies specifically follow (or even reference) this model, 
there is a clear tendency in the literature to focus in a top-down manner on how the 
provision of eco-feedback does or does not translate into pro-environmental 
behaviour change (Fischer 2008, Froehlich et al. 2010). In this manner, the ‘success’ 
of an eco-feedback deployment tends to be measured primarily in terms of the energy 
savings and behaviour changes that occur as a result of the deployment (Fariquai et 
al. 2010, Froehlich et al. 2010). This persuasive framing of eco-feedback is common 
in the literature and is often justified by researchers when the research problem to be 
addressed is political in nature, or where behaviour changes are desirable from 
regulatory authorities; for example, problems related to Climate Change or Peak 
Demand as outlined below.  
 
Rationale 1: Environmental Sustainability / Climate Change  
Australia uses approximately 22% more electricity per capita than the OECD average 
and demand is forecast to continue rising (Garnaut 2008). Furthermore, over 85% of 
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 Australia’s electricity demand is created using polluting non-renewable sources 
(Clean Energy Council 2013), despite warnings by climate scientists that significant 
and timely cuts to greenhouse gas emissions are required if we are to avoid 
significant ecological, social and economic consequences (Garnaut 2008).  As such, 
every unit of electricity that is saved equates to less carbon dioxide emissions. Eco-
feedback has an established track record of realising energy savings when installed 
(Fischer 2008, Froehlich et al. 2010) and thus presents a compelling intervention.  
 
Role of eco-feedback: In this scenario, the goal of eco-feedback is to most 
effectively persuade households to use less electricity, thus lowering greenhouse gas 
emissions. 
 
Rationale 2: Peak Demand 
Peak demand is characterised by energy generation infrastructure struggling to meet 
demand for energy, most often during extreme hot or cold weather events, leading to 
power outages and grid inefficiencies (Costanza et al. 2014). Peak demand represents 
a significant problem facing energy suppliers and regulators due to: (1) the cost of 
supplying and maintaining a large amount of infrastructure that operates only during 
peak demand events and (2) the large discrepancy in the (extremely high) market 
price of wholesale electricity experienced during peak events and the (relatively low) 
static tariff billed to households during this time (Strengers 2013). Incentivising 
consumers to use less electricity during peak periods represents a means of delaying 
or bypassing further investment in costly additional generation and distribution 
infrastructure to cope with short term demand spikes (Strengers 2013).  
 
Role of eco-feedback: From this demand-side management perspective the problem 
of peak demand is best addressed by technology (for example eco-feedback) 
persuading or incentivising consumers not necessarily to use less electricity overall, 
but to shift their usage from peak times to off-peak times. This increases the 
efficiency of existing electricity generation and distribution assets and negates 
further investment in additional infrastructure.  
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 History of the top-down approach 
The study of eco-feedback through this top-down lens extends back to the 1970’s 
when Seligman and Darley (1977) positioned an energy monitor on the outside of the 
kitchen window of participating families’ homes and measured the amount of energy 
they saved as a result. Most early real-time eco-feedback studies were grounded in 
environmental or behavioural psychology and were primarily concerned with the 
“success” of the feedback interventions in terms of total realised energy savings 
(Seligman and Darley 1977, McClelland and Cook 1980, Farhar and Fitzpatrick 
1989). These early studies report that simple real time energy use feedback resulted 
in energy savings of around 11% when compared to control groups who did not have 
the feedback installed. Farhar and Fitzpatrick (1989) in their meta-review of real time 
and non-real time energy use feedback reported energy savings from both forms of 
feedback and considered that non-real time (for example regular paper-based) 
feedback may be more effective than real-time. More recent meta-reviews of 
different forms of energy use feedback studies also find similar results of around 5-
12% energy savings among participating households (Fischer 2008, Ehrhardt-
Martinez et al. 2010). In contrast to Farhar and Fitzpatrick (1989) however, Fischer 
(2008) finds computerised feedback to be more effective than indirect feedback; 
perhaps indicative of the improvements in energy monitoring and visualisation 
technology.  
 
A sea of personal information: Personal informatics and The Quantified Self 
Taken outside the context of energy consumption alone, the information provided by 
eco-feedback represents only one source among a growing number of sources of 
“personal informatics” available to users. The increasingly ubiquitous nature of 
computing allows for an unprecedented level of sensing and monitoring of personal 
activities (Burns et al. 2012). Wearable sensor technologies such as FitBit, 
Fish’n’Steps and Huston (Consolvo et al. 2006) allow users the ability to track their 
steps taken, kilometres walked, heart rate, hours slept at night alongside various other 
fitness and non-fitness related parameters, the statistics of which can then be 
uploaded and shared with friends online. Resultant from rapid technological 
advancements in the sensing and processing of biometric data, the “Quantified Self” 
movement has emerged. This movement is based on tracking many different 
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 personal and behaviour parameters, increasingly with wearable sensor technologies, 
and recording behaviour as numerical data; 
 
“Once your behaviour has been quantified in this way you can make changes 
to it and see how the associate data changes” (Forrester 2014, pp.1)  
 
In recent years the Quantified Self movement has grown into an international 
collection of groups in over 70 cities around the world dedicated to self-awareness, 
self-discovery and collaborative learning through the practices of sensing, tracking, 
sharing and discussing personal data (Quantified Self 2014). A fascination with data 
is a fundamental tenet of the Quantified Self movement, typically alongside a desire 
and motivation to use the data to change behaviour and improve oneself. As such, it 
is common for this personal informatics technology, including eco-feedback, to be 
utilised by researchers in efforts to motivate or persuade users towards certain 
behaviours for example increased levels of physical activity (Lin et al. 2006, Burns et 
al. 2012) or pro-environmental behaviours such as using less electricity (Froehlich et 
al. 2010). In the case of motivated users with a desire to change behaviour and the 
ability to quantify and understand the data, the quantification of data may be 
sufficient for behaviour change. More generally however, the provision of 
“awareness” alone has been identified as an insufficient pre-requisite for behaviour 
change (Mackenzie-Mohr 2000, Sofoulis 2005). This is an important consideration 
for eco-feedback designers, considering eco-feedback is not always a voluntary 
acquisition by motivated individuals such as Quantified Self members, but may be 
rolled-out amongst a more general population (Hardgreaves et al. 2013), not all of 
whom will share such a keen interest in data or motivation to change.   
 
“Successful” eco-feedback; Motivating pro-environmental behaviour 
When approached from a top-down perspective, the “success” of eco-feedback 
systems is typically measured by the energy savings produced among the households 
they are installed within. Fischer (2008) identifies several attributes which are 
common to successful feedback (covering both computerised and non-computerised 
feedback). Successful feedback in this context was found to provide: (1) frequent 
(daily or better) feedback, (2) appliance specific consumption information, (3) 
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 interaction and choice for users (Fischer 2008). Providing information on sustainable 
behaviours alone, however, is not always sufficient to provoke behaviour change 
(McKenzie-Mohr 2000, Sofoulis 2005). Instead, a mixture of obtaining commitment 
and influencing social norms provides the most effective behaviour change results 
(Brewer et al. 2011). All these attributes have been applied to eco-feedback with 
some success. Froehlich et al. (2010) demonstrate that goal-setting is an important 
motivator of pro-environmental behaviour, highlighting examples where goal-setting 
has been successful in producing considerable energy savings when introduced 
alongside computerised (van Houwlingen and van Raaij 1989) and non-computerised 
energy use feedback (Becker 1978). In relation to social norms, Schultz et al. (2007) 
studied the ‘boomerang effect’ wherein the positive effects of sustainable behaviour 
changes are not durable over time. It was found that savings were more durable when 
householders received a message related to social approval or disapproval of their 
consumption. Petkov et al. (2011) also found that sharing energy use information 
over social media was an important source of competition, social comparison and 
thus motivation for conservation. On the other hand, however, Schwartz et al. 
(2013b) found participants to be generally uninterested in comparing their own 
consumption with other statistically similar households on account of the difficulty in 
achieving a direct comparison. 
 
2.1.4 Problems with the top down approach 
As demonstrated above, eco-feedback is often approached from a top-down 
perspective as a persuasive technology on account of it realising average energy 
savings of between 5 and 12%, at least in the short term (Darby 2006, Froehlich et al. 
2010). However, common to many top-down appraisals of eco-feedback is the use of 
the rational choice model (Schwartz et al. 2013b); namely the assumption that by 
providing householders with more information on their consumption, they will better 
manage their usage and adopt sustainable behaviour changes (Burgess 1998). 
Strengers (2008, 2011, 2013) explains this as a tendency to assume householders to 
be rational and autonomous decision makers who will use the information provided 
to them by eco-feedback to make economically rational energy efficient behaviour 
changes. While in many instances eco-feedback information may indeed inform and 
motivate sustainable behaviour changes; and while it is clear from personal 
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 informatics movements such as The Quantified Self that many people are indeed 
fascinated with, responsive to and motivated by personal data; this fascination is not 
shared by everyone. The ontology of the rational actor, the data-driven resource 
manager who is motivated by numbers and armed with the ability to change 
behaviour towards more efficient alternatives, does not satisfactorily deal with how 
energy use within a family is affected by social and cultural processes and the messy 
nature of daily family life (Strengers 2008, 2013).  
 
Brynjarsdóttir et al. (2012) argue that an overemphasis on persuasion acts to bypass 
due consideration of the more complex issues of sustainability.  A key problem with 
persuasive sustainability outlined by these authors is the “underlying liberal 
assumption of a rational, economically calculating actor” (Brynjarsdóttir et al. 2012, 
pp.949). Further challenging this pre-occupation among authors with the 
‘effectiveness’ of eco-feedback, Pierce et al. (2010) looked specifically at how and 
why eco-feedback might not be effective. In this paper the authors state that the 
family home is often treated by researchers as somewhat of a “black box” insofar as 
how energy reductions actually come about, in neglect of the subjective experiences 
of living with eco-feedback (Pierce et al. 2010). While top-down approaches to eco-
feedback have resulted in useful summaries of the attributes of “successful” eco-
feedback (Fischer 2008), success is often defined only in terms of aggregate energy 
savings. It is much less common to ask users which attributes they actually desire 
themselves (Karjalainen 2011) or to expand the definition of success beyond kilowatt 
hour reductions. Further knowledge gaps identified in the top-down rationale include 
a lack of consideration of the social and cultural factors of eco-feedback in the home, 
how eco-feedback is appropriated or ‘domesticated’ over time and how durable the 
consistently high initial energy savings are over time.  
 
In addition to this, Yang and Newman (2013) point out that much previous eco-
feedback research has taken place in the laboratory or in the form of prototypes. The 
increasing availability of off-the-shelf eco-feedback varieties now provides designers 
with the affordance of studying eco-feedback not necessarily as a research 
deployment but as a naturally occurring independently acquired piece of technology 
in the home. While some of these problems have since been addressed by a recent 
increase in studies examining the social and cultural complexities of eco-feedback in 
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 the home (Hargreaves et al. 2010, 2013, Grønhøj and Thøgersen 2011, Wallenborn et 
al. 2011, Schwartz et al. 2013a, Strengers 2011, 2013), several still remain and some 
of these are addressed by the research contributing towards this thesis.  
 
Due to the limitations associated with researching eco-feedback purely as a 
persuasive technology (as highlighted above), this research adopts a more bottom-up 
approach. Our argument is not that framing eco-feedback as persuasive is inherently 
wrong in any way, simply, that user-centric bottom-up approaches offer rich social 
data on use and provide a means of extending the rationale for eco-feedback 
deployment. Indeed, despite the aim of this research to look at eco-feedback beyond 
its purpose as a tool for persuasion; affording users the ‘Ability’ to make a change is 
an integral part of Fogg’s three-step Behaviour Change Model alongside the 
simultaneous presence of ‘Motivation’ and contextually appropriate ‘Triggers’ (Fogg 
2014). Considering eco-feedback has been noted as having potential to afford users 
the ability to make more informed consumption decisions and thus be more able to 
save energy as a result (Froehlich et al. 2010), it is hoped this research may be of 
value to HCI designers irrespective of whether eco-feedback is considered from a 
top-down (persuasive) or bottom-up (user-centric) standpoint.   
 
2.1.5 Bottom-up: The effect of people on eco-feedback 
Taking a more user-centric perspective- the perspective adopted by this thesis- the 
rationale for eco-feedback is not so much about persuading or incentivising 
consumers to change their behaviour in any particular fashion, but about making the 
invisible visible; i.e. providing users with more appropriate, timely and 
understandable information on different aspects of their electricity consumption. The 
following paragraphs explore findings from more bottom-up appraisals of eco-
feedback in and beyond the home, starting with an alternative human-centred 
rationale for eco-feedback based on the invisibility of electricity.  
 
Rationale 3: Invisible Electricity 
From the point of view of the consumer, until recently there has been no convenient 
means for householders to access point-of-sale information on their energy 
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 consumption. Electricity is doubly invisible (Nye and Burgess 2008) in (1) how it 
enters the home- through processes and wires typically hidden from view; and (2) 
that it is typically quantified on an irregular basis- only once every three months- in 
the form of an un-itemised bill.  The situation regarding the lack of timely 
information on energy consumption has been likened to removing all pricing 
information and payment options from petrol stations with families instead receiving 
quarterly petrol bills for all of the family’s cars combined (Faruquai et al. 2010). This 
parody serves to highlight the comparative lack of price signal information available 
to households on what is an increasingly expensive commodity; electricity prices in 
Australia rose by 72% in the five years prior to 2013 with further increases imminent 
(ESAA 2013). This situation results in householders having little information on the 
contributing factors to their electricity bill and little information on which to base 
their consumption decisions and quantify the effectiveness of any changes they may 
have implemented (Hargreaves et al. 2013).   
 
Role of eco-feedback: When viewed in this way, the purpose of technology such as 
eco-feedback is not so much to persuade users towards any particular end-goal, but 
to engage users with their energy consumption and provide them with information 
which is meaningful and useful to them, upon which they can base their consumption 
decisions and determine the impact (Schwartz et al. 2013a).  
 
This problem of invisible electricity is not only acute in regard to the lack of 
meaningful information households receive on their energy consumption in the 
absence of eco-feedback, but acute also in the ingrained nature of the invisibility of 
electricity throughout the structure of energy delivery in Australia (Strengers 2013). 
The myth of electricity as invisible and limitless has been actively cultivated and 
promoted to generations of Australians by yesteryear energy authorities, leading to 
deep-seeded beliefs and expectations of energy in the home among users. Some 
background to the history and causes behind this problem of Invisible Electricity is 
provided below.  
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 A History of Invisible Electricity 
One of the major factors contributing to and exacerbating the “invisibility” of 
electricity and the relative lack of feedback on its usage is the system for the delivery 
of electricity in much of Australia. This is characterised by a large disparity between 
the spheres of production and consumption, where responsibility for the supply of 
services such as energy and water is firmly in the hands of large centralised utilities 
(Sofoulis 2005). Consumers are not encouraged to understand the processes behind 
the production or delivery of the convenient and seemingly limitless supply of 
electricity delivered to the home (Sioshansi 2011).  
 
This “invisible, cheap and limitless” ideology can be traced back to the early years of 
suburban electrification in Australia in the 1930’s. Prior to the late 1920’s, electricity 
in Australian cities was produced chiefly for municipal services such as street 
lighting and tramways operations (Topp 2014). Residential electricity where it was 
available during this time was limited and expensive. The 1930’s however was 
characterised by significant growth in suburban electrification in Australia and (in 
the case of Brisbane) of equally significant growth in generation capacity (King 
2003, Topp 2014). This brought with it an increase in the availability of suburban 
reticulation and a progressive drop in the unit price of electricity.  It was during this 
time that this ideology of endless supply was established and actively cultivated as a 
marketing tool by energy authorities (King 2003), for example: “No need to worry 
about switching off the lights, but have peace of mind and contentment with a well-
lighted home” (Electricity Topics, Issue 1, pp.8, 1936; reproduced in King 2003). 
Consumers were encouraged to embrace this new age of electricity as a boundless 
source of power for a range of labour-saving ‘domestic servants’ (electrical 
appliances); to use with free abandon and not to worry about wasting on account of it 
being cheap, convenient and plentiful (Schwartz-Cohen 1983, King 2003, Strengers 
2013). These new electrical-powered ‘domestic servants’ such as washing machines, 
vacuum cleaners and food mixers were envisaged to liberate women from arduous 
domestic tasks and offer working class women previously unobtainable standards of 
comfort (Schwartz-Cohen 1983). What transpired, however, was not the liberation of 
women from domestic tasks, simply an elevation of standards of comfort and 
cleanliness which required equal if not more effort to maintain (Schwartz-Cohen 
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 1983). Electricity developed into a catalyst to these new higher standards of living 
and modernity, as it continues to be at present (Strengers 2013). 
 
For many of the intervening decades from ubiquitous domestic electrification to 
present, the common conceptualisation of electricity has changed little from its role 
as an entrenched household necessity; a facilitator of technological progress capable 
of keeping pace with the changing expectations of comfort and cleanliness in the 
family home (Strengers 2013). Electricity is considered a right, a necessity and 
something which should be affordable, abundant, always available and able to be 
used with free abandon in the absence of householders having to worry about 
managing, conserving, or how much it is going to cost (Sioshansi 2011).  
 
This status quo of cheap and invisible electricity has remained relatively unchanged 
for several decades, providing very little incentive for families to understand or 
question the supply or delivery of their electricity or the factors contributors to its use 
(Sioshansi 2011). From the point of view of electricity authorities, in recent decades, 
the building of additional energy supply infrastructure as dictated by demand has 
become increasingly less tenable (Joscow 2003). In Australia, a proliferation of 
residential air conditioning, which increased from less than 25% ownership in 1975 
to over 75% ownership in 2005, (Energy Efficient Strategies 2006) has been 
responsible for quickly escalating consumer demand. This in turn contributes to 
increasingly problematic electricity consumption peaks during hot weather events. 
These factors have given rise to a new paradigm of Demand Side Management where 
instead of simply building more infrastructure as dictated by consumer demand, 
authorities attempt to shift residential usage away from peak times in order to 
minimise further investment (Sioshansi 2011). Despite this, investment in network 
infrastructure to replace ageing assets and cope with peak loads during increasingly 
frequent heat waves has contributed to residential tariffs in Australia rising by 
approximately four times the rate of inflation (Vivid Economics 2013).  
 
Thus from a user-centric perspective, despite escalating power bills and 
encouragement from the media and energy utilities not to waste power, many 
Australians still have little information on the contributors to their usage. Nor do they 
receive or feedback on the effect of any changes they make to their usage behaviour 
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 other than the quarterly bill (Faruquai et al. 2010). For these reasons, technologies 
such as eco-feedback provide households with a level of detail more appropriate for 
what is an increasingly expensive commodity and serve to challenge and re-model 
the widely held perception of electricity as invisible and abundant (Pierce and Paulos 
2010).  
 
2.1.6 Bottom-up- refocusing attention on the user 
Bottom-up appraisals of eco-feedback and domestic energy consumption more 
broadly seek to determine not what eco-feedback can do to people, but what people 
do with their eco-feedback. This does not translate into determining the “success” or 
“failure” of deployed technology, but gaining insights from users into how intelligent 
technology can best be deployed in the home (Yang and Newman 2013). Literature 
along this vein examines how energy consumption exists as a socio-technical 
construct, looking at energy consumption as embodied in practices and habits rather 
than simply a quantification of use (Pierce and Paulos 2010, 2011). These authors 
argue that because energy consumption is invisible in many ways, the primary 
purpose of design is to make it visible to users.  This bottom-up line of enquiry is 
characterised by ethnographic-based research methods which seek to understand 
“what the mundane human-energy relationships look like in practice” (Schwartz et 
al. 2013b, pp. 4); how different people use, appropriate and make sense of their eco-
feedback and how it may be designed to maximise engagement, as opposed to how it 
may persuade users toward certain pre-determined goals (Strengers 2011, Pink et al. 
2013, Rodden et al. 2013, Schwartz et al. 2013a). The following sections provide an 
overview of the literature on eco-feedback when approached from a bottom-up, 
human-centred line of enquiry. 
 
Practice-based understanding of energy 
Central to bottom-up approaches to energy consumption and eco-feedback design is 
the understanding of energy consumption as embodied in household practices and 
routines. Rather than occurring through rational actions, a practice-based approach 
understands electricity consumption to represent a series of individual and social 
practices (Pink et al. 2013). Studying practices in this way is critical in understanding 
Chapter 2: Literature Review 27 
 energy consumption not as a quantitative measurement or aggregate, but as socially 
constructed. In this vein, consumption becomes accessible through the activities 
which it embodies and which create it, such as laundry, cooking or use of media 
(Strengers 2013, Pink et al. 2013). Schwartz et al. (2013b) considers that energy 
consumption does not exist alone, rather, that energy consumption is always energy 
consumption for someone and that “the inquiry into energy loses its subject matter if 
reduced only to the language of natural science; e.g., by reducing normative 
categories like wasting through the use of definitions based on physical categories 
like kW” (Schwartz et al. 2013b, pp.3). This thesis joins a growing body of literature 
interested in understanding energy consumption through the everyday practices that 
create and affect it.  
 
The social dimensions of eco-feedback in the home- integrating the whole 
family 
The setting for eco-feedback is the family home. The home is described as an 
“intimate and private environment” (Choe et al. 2011). On the one hand, families are 
viewed in social science literature as interactive systems; people in relationships with 
other people constitute the system components with communication representing a 
primary attribute of the system (Galvin and Brommel 2000). On the other hand the 
family also represents a group of connected yet individual stakeholders with 
“competing priorities and tolerances for what is acceptable and useful” (Choe et al. 
2011, pp.1). This implies that studying the appropriation of eco-feedback into the 
home, the use and changes in the use of eco-feedback over time and the use of the 
system by different members within the one family are helpful in understanding the 
social dimensions of eco-feedback in the home (Strengers 2013).  
 
Brown et al. (2011) highlight several issues concerning HCI work ‘in the wild’, 
where the majority of eco-feedback research is situated. One issue facing ‘in the 
wild’ research is the potential for participation in trials to be dominated by lead 
users; “where there is a reliance on reporting results from a trial on a small atypical 
subset of users who engage with and offer particular insight into the behaviour under 
investigation” (Brown et al. 2011, pp.1657). In relation to eco-feedback, although 
most eco-feedback systems are family-situated, it has been found that the interest in 
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 and use of eco-feedback is not equal among family members (Hargreaves et al. 2013, 
Strengers 2013). For example adult male household members are more likely to be 
the dominant users of eco-feedback, while other household members may not be 
interested (Hargreaves et al. 2013, Strengers 2013). Strengers (2013) voices the 
concern that eco-feedback research utilising single participants might over-represent 
the ‘lead users’ of the technology, who may provide a very different account of 
engagement and use of the technology compared to their co-located household 
members. 
 
Despite this, examples of research on eco-feedback where effort has been spent to 
incorporate all household members in the study are rare (Riche et al. 2010, Grønhøj 
and Thøgersen 2011, Hargreaves et al. 2013, Strengers 2013). These studies suggest 
that while the eco-feedback may be of interest to one technically minded (often male) 
household member, it may not be used at all by other household members who are 
more responsible for day to day energy consuming practices such as cleaning and 
washing (Hargreaves et al. 2013, Strengers 2013). Other studies have provided 
evidence for one family member attempting to control others through eco-feedback 
information (Grønhøj and Thøgersen 2011, Hargreaves et al. 2013). Eco-feedback 
might be used to ‘educate’ household members in energy conservation, with one 
household member using readings as a justification for suggested changes to others’ 
behaviour. Grønhøj and Thøgersen (2011) highlight attempts by parents to control 
their childrens’ energy use and spouses attempting to change one another’s 
behaviour. Problems arise however, when changes to behaviour suggested by one 
household member are at odds with what is convenient for the other (Hargreaves et 
al. 2013). For example, while laundering at night might make economic sense due to 
the maximisation of the feed-in-tariff from roof-top solar panels, it may not make 
sense domestically if the clothes won’t dry properly at night, or if it disrupts other 
night time routines such as putting children to bed. This represents further evidence 
for everyday family life complicating otherwise rational energy saving actions. These 
observations provided inspiration for the specific attempt employed by this research 
to involve all family members in the study of eco-feedback. 
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 Limits of addressing ‘normal’ usage 
Bottom-up appraisals of eco-feedback suggest that rather than prompting 
householders to address unsustainable practices, that eco-feedback may in some 
cases even serve to normalise and reinforce certain usage practices (Strengers 2008, 
2011, Hargreaves et al. 2013). For example as part of the learning process associated 
with eco-feedback, Hargreaves et al. (2013) found that once ‘wasteful’ consumption 
was addressed, that some participants determined a baseline for their ‘normal’ 
consumption. This ‘normal’ consumption became a general target to stick to, thereby 
establishing this level of consumption as acceptable, regardless of how high it was.  
 
Eco-feedback has also been considered unlikely to address practices that are deemed 
‘non-negotiable’. For example while low hanging fruit may be addressed, such as 
swapping to energy efficient light globes, people are less likely to change their 
everyday consumption practices such as the habit of tumble drying to speed up the 
laundry process (Strengers 2011, Hargreaves et al. 2013). This then equates to an 
increase in awareness among families, but not necessary sustainable behaviour 
changes; a sentiment summed up by a participant from Strengers (2011):  
 
“I don’t see the point [of the eco-feedback display] because we’re now aware 
of which appliances create red lights and they’re all things that you need to 
use anyway” (Participant quote from Strengers 2011, pp.2138). 
 
This finding is consistent with the finding that awareness alone is not a reliable 
precursor for behaviour change (Mackenzie-Mohr 2000, Sofoulis 2005). However, 
even when practices are more negotiable, such as householders with solar panels who 
adapt their routines around fluctuations in their micro-generation (Roy et al. 2008); 
this does not necessarily mean that energy will be conserved. Consumption may 
simply be shifted to different times of the day. Similarly, making savings in one area 
has been found to be used as justification for higher usage in another (Strengers 
2013). In response to this, it is suggested that if changes to practices are to occur, the 
focus of energy consumption feedback must shift from the energy itself (i.e. units of 
consumption) to the practices that consume energy (Strengers 2008, 2013).  
Chapter 2: Literature Review 30 
  
Use over time  
Despite a large body of literature pointing to eco-feedback producing savings of 
approximately 5-12% (Ehrhardt-Martinez et al. 2010, Froehlich et al. 2010), whether 
these savings persist over long timescales is uncertain and relatively few studies 
review eco-feedback deployments over timescales exceeding 6-12 months 
(Hargreaves et al. 2013, Strengers 2013, Yang et al. 2014). Erikson et al. (2013) 
conducted a city scale energy feedback system involving 765 households over 20 
weeks. Households accessed their consumption feedback ‘dashboard’ through an 
internet login portal.  The average energy savings from the 20-week trial was 3.7%, 
lower than the 5-12% averages reported by Fischer (2008) and Ehrhardt-Martinez et 
al. (2010). Van Dam et al. (2010) found that despite their participants realising initial 
energy savings of 7.8% on average over the short term, these savings could not be 
sustained over longer timescales beyond four months. This is consistent with the 
finding that eco-feedback monitors tend to become ‘backgrounded’ over time, where 
use changes from a period of novelty involving higher use, towards more “casual, 
unthinking and routine forms of use” (Hargreaves et al. 2013, pp.132). In Hargreaves 
et al. (2013), this was correlated to the time when “normal” consumption was 
identified and the purpose of the eco-feedback changed to only irregular checking of 
the display to make sure that nothing was out of the ordinary. Grønhøj and 
Thøgersen (2011) studied the whole-of-family use of an eco-feedback device over a 
period of 5 months and report a consistent engagement with the device over the five 
months of their trial, however note that the type of usage changed from detailed 
inspections from scanning to make sure that nothing ‘unusual’ was occurring. 
 
Yang and Newman (2014) report on a two year study of households’ experiences 
with the “Nest”- a smart heating/cooling thermostat with eco-feedback capable of 
machine learning. In their study they report that despite initially high levels of 
engagement and awareness, these did not persist long term and that “by 12-21 
months after installing the Nest, many participants did not remember when they last 
checked their schedules or energy histories” (Yang and Newman 2014, pp.6). This 
served to severely limit the potential for sustainability in the long term. Furthermore, 
it transpired that without the follow-up interviews with the researchers, many 
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 participants would not have even realised their thermostat was behaving in sub-
optimal ways. It was found that the “smart” capabilities lulled users into a false 
“trust” or reliance on the technology and become less engaged and less active in the 
management of their energy. 
 
On the other hand, Schwartz et al. (2013a) over their three year living lab study are 
more optimistic. These authors found many of their participants experience a process 
of sustained learning through their eco-feedback, learning both individually and from 
an ‘expert’, often the main user of the eco-feedback in the family. This provoked an 
increase in energy literacy and impacted upon appliance consumption decisions and 
household routines.  
 
In summary,  longitudinal bottom-up approaches of eco-feedback use over the long 
term cast doubt over the durability of the typically high initial energy saving results 
upon which many deployments are justified, however more research is warranted 
(Froehlich et al. 2010, Schwartz et al. 2013b). This thesis contributes to this 
knowledge gap by looking at engagement with eco-feedback longitudinally.  
 
Privacy  
Privacy is somewhat of a recent addition to the discussion of eco-feedback (Riche et 
al. 2010, Froehlich et al. 2012). This addition is important however, given the 
potential for eco-feedback to make previously hidden practices visible and 
accountable within a family. Analysis of detailed electricity consumption 
information over time can provide insight into a given households’ appliances and 
activities, for example how often and what time different activities occur, such as 
cooking, washing or watching television (Quinn 2009, Fan et al. 2010). However, 
problems have been identified with the dominant technical focus to privacy adopted 
by many authors on the subject. Dourish and Anderson (2006) believe this technical 
focus does not comprehensively deal with the social contexts in which privacy issues 
occur: 
“The dominant model of privacy and security- as “economic rationality” 
dominated by the logic of the cost-benefit trade-off (later)- neglects certain 
Chapter 2: Literature Review 32 
 critical aspects of these concerns as enacted social practices” (Dourish and 
Anderson 2006, pp.332). 
 
Instead, rather than an explicitly technical focus, HCI authors approach privacy and 
security less as a desirable yet static end-state of protection, but as more social and 
fluid concepts created and re-produced through ‘collective information practices’ 
(Dourish and Andersen 2006). Namely, re-framing of focus “away from information 
and its regulation... (towards) ways in which social action is sustained and re-
produced through the formulation and flow of information” (Dourish and Anderson 
2006, pp.323). Following this reading of privacy, the personal management of 
privacy does not consist of a series of rational decisions. Instead, designers need to 
observe collective information practices in context and design systems that support 
these practices (Palen and Dourish 2003, Dourish and Andersen 2006). In relation to 
eco-feedback, appraisals of privacy are relatively rare and are discussed more in 
terms of considerations or observations rather than privacy representing the primary 
focus (Riche et al. 2010, Froehlich et al. 2012). Mankoff et al. (2010) and Foster et 
al. (2010) both tested a system for the sharing of eco-feedback information over 
social media. While privacy was mentioned as a concern by several participants in 
Mankoff et al. (2010), this did not greatly affect their willingness to share 
information such as energy consumption visualisations. In another study, privacy did 
not represent a concern greater than “failure in front of your friends” (Foster et al. 
2010, pp.4). Separate but related to eco-feedback, Choe et al. (2011) conducted a 
survey on which activities in the home people would not like to be recorded, sensed, 
or monitored, in the hypothetical world of smart homes fitted with cameras and 
microphones. Activities involving ‘intimacy’ and ‘self-appearance’ were the least 
acceptable to be recorded.  
 
Despite the family home being a private and intimate place; in which one is expected 
to be afforded a reasonable expectation of privacy (Choe et al. 2011) and despite the 
fact that eco-feedback in the home can make visible potentially private practices, no 
study deals with privacy related to eco-feedback specifically. Froehlich et al. (2012) 
highlight eco-feedback privacy to represent a specific knowledge gap in the 
literature.  For these reasons Chapter 6 of this thesis investigates issues surrounding 
eco-feedback privacy in some depth. 
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2.1.7 Suggestions for designing eco-feedback to counter “Invisible Electricity” 
Energy has been considered as an: “imperceptible entity” which is no longer part of 
society’s collective conscience (Pierce and Paulos 2010, 2011). As such, an 
important role of design in this space is to: “render it perceptible again, in order to 
make it a visible part of our everyday lives, so that we can develop an emotional 
connection to it” (Schwartz et al. 2013b, pp. 2). This section critiques a number of 
HCI design responses to eco-feedback aiming to counter the perception of energy as 
an invisible and limitlessly available commodity. 
 
Eco-feedback design implications from more bottom-up approaches tend to 
concentrate less on how to maximise energy savings and more on how to increase 
engagement and maximise energy literacy and use among families. Schwartz et al. 
(2013a) for instance recommend six design suggestions for eco-feedback aimed at 
improving energy literacy: (1) Horizontal Comparison- i.e. comparing different 
appliances of the same category in different rooms, (2) Vertical Comparison- i.e. 
correlating specific devices to specific activities, (3) Real-time Feedback- i.e. 
immediate feedback capable of instigating immediate responses, (4) Retrospective 
Feedback- i.e. information about previous consumption in order for users to correlate 
consumption to habits of previous events, (5) Support the Construction of Personal 
Consumption Language- i.e. “create a connection between general knowledge and 
the people’s contexts”; and (6) Take the Energy Literacy Levels into Account- i.e. a 
system which supports differing levels of energy literacy among different family 
members.  
 
Strengers (2013) considers that eco-feedback faces the challenge of ‘legitimacy’ in 
the family home, a challenge that is complicated by the chaotic and dynamic nature 
of family interaction and practice: “In order for energy feedback to matter, energy 
itself must matter. Energy must become important to what it means to cook a meal, 
do the laundry or entertain a guest” (Strengers 2013, pp. 93). One means of 
achieving this, at least over short periods of time is alternative energy pricing 
regimes such as critical peak pricing, where the price of energy increases 
significantly during periods of peak demand. However while critical peak pricing 
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 regimes provide considerable load-shifting during peak periods, often provoking 
behaviour changes among consumers, they do “little to reconfigure or challenge 
broader meanings of energy as a non-negotiable need outside of a CPP (critical 
peak pricing) event” (Strengers 2013, pp.114). Thus outside of specific pricing 
events, such alternative tariff structures do not change the perception of electricity as 
largely invisible and abundant.  More broadly, eco-feedback represents only one of 
many different forms of feedback available to users on a daily basis, for example 
social feedback on the acceptability of various practices from friends or family, 
sensory feedback such as a dirty carpet or fresh smelling laundry, or feedback from 
media sources about how certain practices should be performed (Strengers 2013). 
There is an opportunity to re-orient feedback towards these more practice-based 
possibilities beyond the screen on the wall; re-focusing on the everyday practices 
themselves rather than simply the resultant energy consumption (Strengers 2013).  
 
HCI as a field of study has been responsible for pushing the boundaries of eco-
feedback beyond traditional forms such as energy monitors and in-home displays. 
Pierce et al. (2008) and Pierce and Paulos (2012) highlight the potential for 
alternative forms of eco-feedback to engage users with energy consumption, 
reviewing a number of ambient and artistic energy feedback installations beyond 
traditional situated displays and energy monitors. The Power Aware Cord for 
example is a power cable which glows and pulses according to the amount of 
electricity running through it. Its purpose is specifically to visualise electricity to 
users rather than hide it (Gustavson 2005). The Nuage Vert project used laser-lights 
to project a visualisation of Helsinki’s whole-of-city electricity consumption onto the 
smoke from the chimney of a coal-fired power station. The size of the projected 
image shrank or expanded based on local power demand (Pierce et al. 2008). More 
recent works seek to increase the tangibility and share-ability of energy, exploring 
the extent to which people can interpret and treat some energy differently than other 
energy. The Energy Momento for example represents a small canister which can be 
shaken to generate energy in the form of light. This tangible, hand-created energy 
can then be shared as a gift (Pierce and Paulos 2012). Similarly, human-powered 
energy generation artefacts for example the Energy Tap- a publicly situated hand-
cranked electricity generator- is designed to: “highlight the potential for designing 
new ways of engaging with, experiencing, and understanding energy based on a 
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 more direct, visible, and physical connection to the production of energy” (Pierce 
and Paulos 2012, pp.671). 
 
While such artefacts and installations are not directly related to energy consumption 
in the home, these examples are illustrative of the directions in which HCI is taking 
the study of energy and eco-feedback beyond the end-goal of persuasion and 
behaviour change. Pierce and Paulos (2012) consider HCI to be exceptionally well 
placed to further study in this direction in the new paradigm of visible and sharable 
energy information due to its ability to prototype future energy applications “before 
the technical infrastructure, service and policy systems to support them are fully in 
place” (Pierce and Paulos 2012, pp.672). This serves as a means of exploring and 
testing different ways of interacting with energy before they are completely 
actualised. 
 
2.1.8 Summary of knowledge gaps 
In summary, the literature review thus far has discussed eco-feedback in the home 
according to the two dominant rationales through which it is commonly assessed, 
namely (1) top-down appraisals where researchers seek to understand what eco-
feedback can do to its users and (2) bottom-up appraisals where researchers explore 
what users themselves do with their eco-feedback. From this it is clear that eco-
feedback has significant potential to produce energy savings among users, at least 
over the short term, and that eco-feedback has an important role to play in addressing 
problems of climate change and peak demand. However, it is also clear that it is 
incorrect to assume that householders are rational consumers who will make 
economically rational consumption decisions based on the information provided to 
them. This positivistic stance on eco-feedback does not account for energy as it is 
conceptualised and understood by the users themselves. Bottom-up appraisals of eco-
feedback challenge this positivistic stance and provide a more accurate account of 
energy as it is construed, constructed and consumed in the messy and chaotic setting 
of the family home. This thesis does not argue that researching eco-feedback through 
the lens of rationality or persuasive technology is wrong, rather, that there is also 
value in exploring what users do with the eco-feedback as well as what eco-feedback 
can do to users.  
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In the previous paragraphs some of the key knowledge gaps facing designers in this 
space have been highlighted. These are summarised below, as well as a link to the 
chapter in which each knowledge gap is addressed in this thesis: 
 
• A tendency toward focusing on energy savings and behaviour change as the 
primary metric of the success of eco-feedback deployments (addressed in 
Chapter 5)  
• Despite a number of meta-reviews providing lists of the attributes of eco-
feedback that lead to behaviour change, few studies ask users what attributes 
they desire themselves (addressed in Chapters 5 and 7) 
• A relative lack of specifically longitudinal studies reporting on the effect of 
eco-feedback over longer timescales when compared to shorter deployments 
(addressed in Chapter 7) 
• A relative lack of ‘in-the-wild’ eco-feedback studies where the eco-feedback 
system represents an independently acquired technology rather than (as is 
more commonly the case) a research deployment installed by researchers 
(addressed in Chapter 7) 
• A limited understanding of the ways in which family dynamics impact the 
use of eco-feedback and how use differs between individual family members 
(addressed in Chapter 8) 
• A limited understanding of how privacy affects the use of eco-feedback and 
the sharing of energy-related information (addressed in Chapter 6). 
 
2.2 THEORETICAL BACKGROUND 
The literature above has been used to outline the practical attributes of the research 
problem and the resultant knowledge gaps. Made clear in the previous section, is the 
complexity of the problems faced by designers of eco-feedback and the value in 
taking a user-centric approach to research of this nature. Better engaging 
householders with their energy consumption represents a ‘wicked’ problem i.e. a 
complex social problem which cannot be solved using the linear solutions-based 
approaches of mathematics and applied science (Rittel and Webber 1973). When 
designing in the space of wicked problems, “the process of solving the problem is 
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 identical with the process of understanding its nature, because there are no criteria 
for sufficient understanding…” no definitive solution and no means of identifying an 
end point at which the problem is solved (Rittel and Webber 1973, pp.162). As such, 
design work in this context becomes as much about defining a given problem as 
about actually solving it (Schön 1990). The following paragraphs outline the 
theoretical lens through which this thesis addresses the research problem and the 
fields of research in which it is situated. The fields of HCI, Participatory Design and 
Ethnography all represent disciplines well suited to problems of a wicked nature and 
we discuss each of these in relation to this research below.  
 
2.2.1 Human-Computer Interaction 
The discipline of Human-Computer Interaction (HCI) is well suited to ‘wicked’ 
technological problems due to its location at the “intersection between the social and 
behavioural sciences on the one hand, and computer and information technology on 
the other” (Carroll 2003, pp.1). HCI recognises the fundamentality of placing the 
user at the centre of computing systems design and the redundancy of technology if it 
does not fit in with the ability, desires and work practices of its end-users (Dix et al. 
2004). HCI as a discipline originated in ergonomics; ‘man-machine’ interactions. 
However, the emergence and increased dominance of computers in work and society 
caused growing numbers of researchers to specialise in the psychological, physical 
and theoretical aspects of computer use; leading to the formation of the discipline of 
Human-Computer Interaction (Dix et al. 2004).  
 
Computers now inhabit vast areas of daily life (Carroll 2003, Brereton and Buur 
2008). While computing becomes ever more embedded and ubiquitous and as the 
number of interactions humans have with computers in daily life increases, so too 
does the relevance of HCI in supporting these interactions (Brereton and Buur 2008). 
HCI practitioners reposition the role of computing in society through human-centred 
design. Suchman (2002) argues that users should not be consciously aware of the 
technical interface between themselves and their work. As such, a key focus for HCI 
is to improve the “fit” between humans and computers (Harrison et al. 2007); 
computing should integrate invisibly into routines and practices. Computing is 
therefore responsive to and dependent upon the use context and the practices of the 
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 users for whom they are designed. HCI work is informed by Suchman’s 
epistemological claim that actions are situated and that human activity is emergent 
out of a given situation in a given setting (Nardi 1996). The setting adopts a broader 
definition, relating not only to the environment itself, but to the people in that 
environment and the “moment-by-moment interactions between actors, and between 
actors and the environments of their action.'' (Suchman 1987, pp.179). 
 
Given that actions are situated, the context into which a given technology will be 
integrated into is fundamental; for example an individual in a laboratory setting who 
is removed from context in which their work takes place is no longer a useful study 
participant (Nardi 1996). For this reason, a defining characteristic of much HCI 
research is its situation ‘in the wild’- i.e. in the setting and social context where the 
work or activity for which the technology is designed takes place (Brown et al. 
2011). Researching ‘in the wild’ allows for observation of the ‘unintended uses’ of 
technology and of the social and cultural influences of use in everyday practice 
(Brown et al. 2011).  
 
HCI is well justified as a lens through which to consider energy consumption due to 
the family-situated and highly social and contextual nature of the consumption itself 
(Strengers 2013) and the increased ubiquity of computing in home electricity 
infrastructure through eco-feedback, smart metering and home automation (Darby 
2010). Recent sustainable HCI work specifically emphasises the need to be 
“sensitive to the broader social context of energy use” (Rodden et al. 2013, 
pp.1173). A hallmark of much sustainable HCI work concerned with energy 
consumption is the trend of ethnographic-based bottom-up studies of user practices 
in order to “comprehend the socio-cultural contexts for and in which designs are 
created and situated” (Pink et al. 2013, pp.1). In summary, this means to understand 
energy use as embodied by habits, changeable norms and practices rather than 
rational decisions (Strengers 2013). In relation to eco-feedback more specifically, the 
strength of HCI to the field is the tradition of iterative prototyping of designs with 
end-users in the wild prior to release, maximising the user-technology ‘fit’ (Froehlich 
et al. 2010).  
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 2.2.2 Participatory design 
Participatory Design (PD) represents a “set of theories, practices and studies related 
to end-users as full participants” in design and development processes (Muller 2002, 
pp.1053). This represents a democratising of the design process and a means of better 
matching designs to the needs of the end-users of that design (Greenbaum and Kyng 
1991), Brereton and Buur 2008). 
 
The roots of PD are specifically political, with researchers originally aiming to 
provide a voice to workers in the design of workplace technologies and the 
introduction of computers into workplaces in Scandinavia (Ehn 1993). A chief issue 
was management’s neglect of the workers’ input and interests during the roll-out of 
computers, despite the workers being the most affected party during this process 
(Kensing and Blomburg 1998). Therefore it was contended that design should be 
concerned with “the development of meaningful and productive relations between 
those charged with technology design and those who must live with its 
consequences” (Kensing and Blomburg 1998, pp.172).  
 
In recent years, PD has evolved into a broad and international field of study, seeking 
to integrate diverse knowledges and alternative perspectives in the design process in 
order to improve the products and services designed (Ehn 1993, Muller 2002). PD 
seeks to integrate participants as active members of the design process, rather than 
simply being informed or consulted. Akin to HCI, understanding and appreciating 
context is fundamental to PD. Design practitioners seek to understand the context of 
use of the designed technology and the social, political and cultural factors affecting 
its use (Kensing and Blomburg 1998). For this reason, PD seeks to integrate not only 
users, but other stakeholders in the design process and thus the designer becomes as 
much a facilitator of the integration of stakeholders and end-users as a designer in the 
original sense. 
 
Methodology is a central concern of PD. The disciple draws on a strong, diverse, 
innovative and constantly evolving set of methods emphasising participation, 
democracy and play. PD methodologies emphasise the facilitation of productive 
dialogue on design, utilising shared artefacts, mock-up prototyping and scenario 
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 techniques utilising aspects of drama or theatre and design games (Sanders et al. 
2010). Such methods serve to place all stakeholders on a level footing within design; 
encourage participation by all stakeholders present and provide common ground 
upon among the heterogeneous stakeholders upon which design discussions can be 
based (Sanders et al. 2010). 
 
Participatory Design is particularly relevant to matters of domestic energy use due to 
the dominance of top-down approaches to demand management. Users are seldom in 
complete control of their energy consumption, nor particularly well informed. Many 
possess little knowledge of where their energy comes from, how it is made, or how 
best to minimise their consumption. Riche et al. (2010) utilised participatory methods 
to explore eco-feedback in the home involving participants drawing floor-plans of 
their homes and highlighting the position of different appliances and technology. 
This was used to integrate participants in the process of determining positioning and 
locational issues surrounding eco-feedback. Rodden et al. (2013) utilised animated 
sketches of future smart energy infrastructures and relationships to elicit user 
opinions on their design and delivery. This participatory methodology led to an 
appreciation of users’ engagement with future energy infrastructure as 
“fundamentally socio-technical” and the importance of design appreciating the 
unavoidable socio-political dimensions of future infrastructures (Rodden et al. 2013, 
pp.1181). Taking a user centred focus, the research described by this thesis attempts 
to integrate participants in the early stages of eco-feedback design. Whilst not all the 
methods employed in this research can be identified as PD methods, the overall 
intention of the research is to integrate participants’ opinions, attitudes and ideas as 
early as possible in the design process and allow participants to articulate their own 
version of the research problem in their own words.  
 
2.2.3 Ethnography 
Ethnography is the study of culture; qualitative research with the objective of 
developing rich understandings and descriptions of everyday life and the practices of 
people in natural settings.  (Atkinson et al. 2007, Hoey 2014). “The ethnographer 
goes beyond reporting events and details of experience. Specifically, he or she 
attempts to explain how these represent what we might call “webs of meaning”, the 
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 cultural constructions, in which we live” Hoey 2014, pp.1, citing Geertz 1973). This 
involves finding a balance between simply documenting events and providing 
“insights into the meaning of those events” (Fielding 1994, pp.154). Whilst arising 
from and thus sharing many features and theoretical foundations with anthropology, 
the distinction between the two is the idiographic nature of ethnography (Ingold 
2008); while anthropology aims to understand what people do, ethnography seeks to 
understand peoples’ points of view; what they experience and how this influences 
their actions. Ethnography focuses on understanding the ways in which people 
navigate their social worlds through analysis of day to day negotiations, actions and 
interactions. This provides for a more holistic understanding of use in natural 
contexts that is not possible through laboratory-based or more formal methods of 
enquiry. 
 
Ethnomethodologically inspired Ethnography 
Ethnomethodology relates to the study of the processes and rationalities people use 
to make sense of their world and those in it. Thus ethnomethodologically informed 
ethnography focusses on directly observing how members of a culture make sense of 
each other through their interactions and through the use of local rationalities 
(Garfinkel 1967, Randell and Rouncefield 2014). A focus for this line of research is 
on the interactions that occur between people carrying out practical actions and the 
dependency of these actions and interactions upon the specifics of the contexts in 
which they take place. This is similar yet distinctive from Ethnography in that: 
 
“Ethnography in general recognises a great temptation when studying other 
people's lives to read things into them, but ethnomethodologically- informed 
ethnography in particular is predicated on the view that the social world is 
not always organised in ways that analysts and researchers want to find it, 
and hence resists imposing a prior analytic framework on the phenomenon” 
(Randell and Rouncefield 2014, Section 31.10) 
 
As such, a key tenet of ethnomethodologically informed ethnography is to explore a 
context of work or action as fully as possible, in order to understand (as completely 
as possible), the relationships between actors and the effects of the specific context 
on the specific work or action (Garfinkel 1967). 
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Ethnographic methods in HCI research 
In relation to HCI, ethnography represents a means of understanding not only how 
people use technology and technical systems in a controlled environment, but how 
the technology becomes appropriated in existing homes, existing practices and the 
chaos of everyday life. Ethnographic methods were originally incorporated into HCI 
in the late 1980’s as part of a broader incorporation of human-centred research into 
traditionally technical fields.  This was due in part by “the (unfortunately belated) 
realisation, mainly among system designers, that the success of design has much to 
do, though in complex ways, with the social context of system use” (Randell and 
Rouncefield 2014, Section 31.15). Lucy Suchman’s work on Situated Actions 
(Suchman 1987)- the inability to divorce a human’s action from the context in which 
it takes place- was seminal in cementing the position of ethnographic enquiry in HCI 
and computer science more generally. Since then, many researchers from 
anthropological and ethnographic backgrounds such as Lucy Suchman, Andy 
Crabtree, Peter Tolmie, Sarah Pink and many others have established and furthered a 
human centred agenda in HCI.  Participatory Design was also central in the 
integration of ethnographic methods into HCI through its emphasis on user-centred 
and participatory enquiry and thus the importance of understanding the setting and 
the use context (Dourish 2006).  
 
Emergent out of the incorporation of ethnography into HCI has been the process of 
‘Rapid Ethnography’. Rapid Ethnography developed in part due to the 
incompatibility of the significant time demands required for traditional ethnography- 
with the increasingly tight product-development cycles of industry (Millen 2000). 
Rapid ethnography seeks to gather the thick descriptions and comprehensive insights 
possible with traditional ethnography within industry-realistic timeframes through 
more focused observations and more informant interaction with key informants 
(Millen 2000).  
 
Ethnographic HCI enquiry and domestic energy use 
In recent years, ethnographically influenced methods have been employed into the 
study of domestic energy consumption by authors such as Yolande Strengers and 
Sarah Pink among others; Strengers (2008, 2011, 2013) seeking to understand energy 
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 consumption as embodied through everyday social practices; and Pink (2011) and 
Pink et al. (2013) through a self-described ‘sensory ethnography’ approach to 
understanding energy use as a function of practice and movement in place. Pink et al. 
(2013) use sensory ethnography through the use of video to understand ‘practices in 
place’ within the home; “To understand how and why people consume energy in 
their homes we ask how people live, move and know in these environments..... (how 
they) navigate, go through, participate in and contribute to the making of place that 
is home” (Pink et al. 2013, pp.4). This provides for a more complete understanding 
of the home environment into which technologies such as eco-feedback will be 
introduced, as well as: “a set of theoretical tools that guide us away from attempts to 
change ‘behaviour’ and to instead ask how interventions might sit in relation to the 
existing routines, contingencies and innovations that ongoingly make and re-make 
the practices and places of everyday life” (Pink et al. 2013, pp.4). In a similar 
fashion, Strengers (2008, 2011, 2013) uses the lens of ‘everyday practices’ to pursue 
a human-centred understanding of electricity consumption as a function of domestic 
life, practice and social norms, rather than as a function of demand or economic 
rationality. 
 
The research associated with this thesis seeks to understand participants in their own 
homes, observing energy use as embodied by socially mediated practices. The core 
premise is to attempt to better understand the human factors and the effect of family 
dynamics on the use of energy and eco-feedback. This premise is in line with 
ethnomethodologically informed ethnography in that a central focus is the context of 
use and the relationships and dynamics between actors in the setting. As such, the 
research employs methods that are informed by ethnography, i.e. contextual 
interviews, video tours, self-authored video and participatory design activities. The 
contextual interviews are broad in scope, attempting to gather a broad understanding 
of the context in which eco-feedback systems are situated, while the participatory 
design activities and self-authored video are used as an attempt to uncover the taken-
for-granted assumptions and (in the case of self-authored video), family dynamics 
around energy and eco-feedback use. In not wanting to impose unduly on 
participants and reminiscent of other ethnographically informed HCI work (Ball and 
Ormerod 2000, Tolmie and Crabtree 2008, Strengers 2013), the field studies 
undertaken are more consistent with rapid ethnography than the extended immersion 
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 or observation techniques of traditional ethnography. The attempt is to understand 
energy consumption through the fluid and changeable social and familial routines 
enacted in the home (rather than through individual decisions) and simultaneously, 
an attempt to integrate participants in the design of eco-feedback from very early on 
in the design phase. The following chapter explains the different research and 
analysis methods employed by this study more fully. 
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 Chapter 3: Research Design 
This chapter describes the methods employed by the research contained within this 
thesis. As discussed in Chapter 2, the research is grounded in the fields of HCI, 
Participatory Design and Ethnography. The direction of the research changed from 
an initial focus on smart meters and smart metered information toward energy 
monitoring and eco-feedback during the early and middle parts of the research. The 
methods employed by this research include: (1) Two energy consumption 
visualisation prototypes with two households in southern Denmark; (2) An ideation 
workshop conducted with designers at a conference; (3) Qualitative interviews with 
participants from Brisbane, Australia, including a video-recorded ‘tour’ of the 
dwelling; (4) Pre-install qualitative interviews with eco-feedback recipients from the 
Gold Coast, Australia, and; (5) A post-install self-authored video exercise 
incorporating a sub-section of the Gold Coast participants from (4). Each of these 
methods are described below in terms of their study populations, the research design 
and the method of analysis employed, as well as a short background and justification 
where each method is situated within the literature from which it was developed. 
 
3.1 ENERGY CONSUMPTION VISUALISATION PROTOTYPES 
The initial study conducted as part of this research was located in the southern 
Danish city of Sønderborg. The focus of this initial exercise was to explore how 
households desired their electricity consumption to be visualised and how these 
visualisations would be related to household activities. The two participating 
households had smart meters installed (the data from which we were granted access 
to), but did not have any energy monitoring or eco-feedback installed other than the 
ability to log in to their energy utility’s website for numerical tables of recent usage. 
From the energy use data obtained from the smart meters, two alternative 
visualisation prototypes were created and trialled with two separate households. 
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 3.1.1 Background and justification for methodology 
The visualisation prototypes were largely exploratory activities at the front end of the 
research process and thus were not firmly grounded in existing literature. At the 
same time, however, we did wish to engage householders in the early stage of the 
design process in the tradition of Participatory Design (Greenbaum and Kyng 1991). 
Inspiration for the visualisations was gathered from a wide range of sources 
including visualisation from the science of remote sensing (Knudby et al. 2010, 
Youngentob et al. 2011), Geographical Information Systems (GIS) literature (Shoval 
et al. 2010) and eco-feedback literature concerned with energy consumption 
visualisations (Pierce et al. 2008, Karjalainen 2011). The visualisations were the 
product of inspiration from these sources as well as discussions and sketches drawn 
by the members of the research group. The intent of the research team during the 
exercise was not to showcase our visualisations to passive participants, but in the 
spirit of Participatory Design, to actively engage households in their energy 
consumption information through the visualisations we had created from their smart 
metered data and to generate a shared understanding of their practices in the home in 
relation to their energy use. The prototypes represented a somewhat atypical 
inclusion of quantitative data in an otherwise ethnographically informed qualitative 
research paradigm.  
 
3.1.2 Study Population  
Two households took part in the energy consumption visualisation prototypes. Both 
households were located in Sønderborg in Southern Denmark and both were married. 
One couple was in their 20’s with a small child, the other couple were in their 60’s 
with grown up children living independently. In each case, both the husband and 
wife were present and took part in the prototype activities. 
 
3.1.3 Research Design: Visualisation Prototype 1 
The first visualisation prototype involved plotting the household’s daily consumption 
on a number of simple line graphs on sheets of A3 transparent paper. The X axis 
represented kilowatt hours and the Y axis represented the time of day from midnight 
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 to midnight. Identical axes were also drawn on a single standard sheet of white A3 
paper, upon which the transparencies would later be overlaid.  Separately a number 
of paper icons were created representing common household appliances (refer 
Figure 3-1 Visualisation Prototype 1). 
 
Initially we asked the household (a husband and wife) to place the icons on the blank 
white A3 sheet according to the time of day they typically used those items. Once 
this activity was completed we overlaid the various days’ consumption graphs drawn 
on the A3 transparencies to determine whether the (self-reported) timing of the use of 
different appliances corresponded to peaks or troughs in their consumption data.  
 
 
Figure 3-1 Visualisation Prototype 1 
 
After the design intervention discussions were held between participants and 
designers, with participants questioned about what they had learned, whether the 
visualisation provided them with enough information and how they could be 
improved. The husband and wife enjoyed the exercise, gaining satisfaction from 
being able to reconcile their appliance usage with their consumption graphs for 
different days. While both participants appreciated the visualisation as a stand-alone 
tool for reconciling their energy consumption with daily routines, both mentioned 
that further information would be helpful to compare the visualisations to. The 
deployment of this Visualisation Prototype is discussed in Chapter 4: “The Value of 
Smart Metering Household Electricity Consumption”. 
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 3.1.4 Research Design: Visualisation Prototype 2 
The second visualisation prototype focused on peak demand. Based on several days 
of smart metered data, a cartoon animation was created, showing the sun tracking an 
arc over a house (refer Figure 3-2 Visualisation Prototype 2). The date was shown 
to the top right of the screen, while the time of day (represented as 00, 03, 06, 09, 12 
etc) was plotted below the house on an X axis. The hour of the day at which the peak 
consumption in the home occurred for each day was represented by a small explosion 
at the corresponding time of day and was then plotted on the graph to the top left. 
Figure 3-2 Visualisation Prototype 2 represents a still-frame from the animation 
once it had been running for several days. It can be seen that the household’s peak 
consumption occurred most commonly at 22:00 in the evening. The animation was 
played to the husband and wife of the household from a laptop computer.  
 
 
Figure 3-2 Visualisation Prototype 2 
 
As per the first Visualisation Prototype, discussions were held between designer and 
participants following the exercise with suggestions for how it could be improved in 
future design iterations. This visualisation was also well received, however, it 
became clear throughout the exercise that the visualisation would be of limited use to 
the family in practice without additional information such as quantitative aggregates 
of total consumption or the relative contribution of each appliance or monthly 
consumption totals. While the aim of both Visualisation Prototypes was to actively 
engage participants in their energy consumption, this visualisation was less 
participatory in nature than the first and after watching the animation, the participants 
were less able to reconcile their energy consumption with their daily activities 
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 beyond guesswork only. This second Visualisation Prototype is also discussed in 
Chapter 4: “The Value of Smart Metering Household Electricity Consumption”. 
 
3.1.5 Analysis of visualisation prototypes 
Due to the exploratory nature of the visualisation prototypes, the analysis process 
was informal and consisted of a shared sense-making of findings through discussions 
with the participants over their experiences at the end of each exercise, rather than a 
separate analysis by the researchers following the event. Through this process the 
researchers noted down points of interest, likes, dislikes, suggested improvements to 
the visualisations and fruitful areas for further research. 
 
3.2 IDEATION WORKSHOP: BEYOND THE TARIFF- EXPLORING THE 
VALUES OF SMART METERED INFORMATION 
Broadening the scope of investigation from the value of smart metered information 
within the home (refer Section 3.1) to the value of smart metered information beyond 
the home, a short workshop was conducted as part of the 2012 Participatory 
Innovation Conference (PINC 2012), held in Melbourne, Australia.  The objective of 
the workshop was to ideate and visualise potential alternative value-flow models for 
money and information in smart metered scenarios. Being positioned at the early 
stages of the design process, the workshop represented more a means of gathering 
design inspiration from fellow designers rather than attempting to engage a broad 
range of smart meter stakeholders.  
 
3.2.1 Background and justification for methodology 
The purpose of the workshop was to ideate and visualise potential alternative value-
flow models for money and information in smart metered scenarios. The workshop 
was based on Verna Allee’s work mapping value networks. Allee (2000) focuses on 
business value creation in the “knowledge economy”, arguing that “keeping track of 
the revenue stream is important, but it is equally important to track the flow of 
knowledge and intangibles” (Allee 2000, pp.36). To these ends Allee (2000) 
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 proposes a means of mapping the exchange of all types of value within a business’s 
organisational network, expanding the concept of value creation from ‘value chains’ 
to multi-faceted value-webs and networks.  
 
Methodologically, situated on the front-end of the design process, the intention was 
to overcome the problem outlined by Sanders and Westerlund (2011) who note that 
early in the design process, it is common to spend too much time developing one 
idea without exploring the range of possible ideas. As such, no boundaries were 
imposed upon workshop participants in the scope of their ideas. The methodology 
was informed by Participatory Design methods such as those of Brandt and Grunnet 
(2000) who emphasise the use of mock-ups and prototyping in the ideation, creation 
and evaluation of design proposals. Objects in such mock-ups transcend their 
common function or meaning and become ‘things to think with’, capable of being 
ascribed different meanings (Heinemann et al. 2009). In our workshop rather than 
using physical objects such as Heinemann et al. (2009) we used picture cards with a 
number of the cards left blank to invite participants to draw on them themselves 
(refer Section 3.2.3).  
 
3.2.2 Study population 
The workshop study population consisted of three tables of 5-6 participants. All 
participants were attendees at the 2012 Participatory Design Conference (PIN-C 
2012) and as such many were visitors to Australia from overseas. All held a bachelor 
degree or higher, had a background related to design and were not directly involved 
in the field of energy or smart metering. Ages ranged from 20’s to 50’s. 
 
3.2.3 Research Design: Ideation Workshop 
Each table was given a number of picture cards, pens, post-it notes and paper on 
which to arrange the materials and draw on as they wished (refer Figure 3-3 
Participants in discussion during the workshop). The picture cards represented 
depictions of generic smart metering stakeholders (households, businesses, energy 
utilities etc). Several cards were also left blank to allow participants to draw in their 
own ideas. The intention of the workshop was for each group to collaborate in 
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 designing mock-up models for alternative information, cost and value flows between 
different smart meter stakeholders. Timing was allocated to allow a suitable amount 
of time for participants to discuss and create, as well as enough time at the end for 
each team to showcase their designs/ideas to the other teams and to the researchers. 
 
 
Figure 3-3 Participants in discussion during the workshop 
 
Conclusions from the workshop regarding how smart metered information may be 
utilised and shared between stakeholders beyond the home varied between groups, 
however all groups came up with novel ideas for furthering the use and value of 
smart metered information. Two of the finished products are presented in Figure 3-4 
Finished Products. 
 
 
Figure 3-4 Finished Products 
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This Ideation workshop is discussed in Chapter 5 of this thesis: “Beyond Demand 
Management: The Value of Sharing Electricity Information”. 
 
3.2.4 Analysis  
As per the Initial Visualisation Prototypes, the aim of the workshop was not to 
produce generalisable findings, but gather design inspiration from the range of 
different value flows, propositions and ideas generated throughout the exercise. The 
analysis process centred on the presentations of the different end-products by the 
different groups and the discussions that ensued. Similar to the initial visualisation 
prototypes (refer Section 3.1.5) the analysis represented a process of shared sense-
making of findings with workshop participants, where ideas, conflicts and points of 
interest were noted and discussed, rather than a detailed formalised analysis process. 
Following the workshop, an analysis was carried out involving co-situated viewings 
of the photos and videos recorded during the workshop by the research group with 
themes being noted by each researcher and discussed afterwards.  
 
3.3 BRISBANE INTERVIEWS AND ETHNOGRAPHIC VIDEO 
Following the two largely exploratory Visualisation Prototypes (Section 3.1) and the 
Ideation Workshop (Section 3.2), the first major research undertaken for this thesis 
was in-depth qualitative interviews with 23 participants located in Brisbane, 
Australia. As part of the interview process, a short video-recorded ‘tour’ of the house 
was undertaken with participants. The interview process was aimed at uncovering 
social issues concerned with energy use including: why and how certain electrical 
appliances were used in the home and from where people sourced information when 
comparing or purchasing new appliances.  
 
3.3.1 Background and justification for methodology 
Following authors such as Strengers (2008, 2011, 2013), Schwartz (2013a, 2013b) 
and Pink et al. (2013), the aim of these contextual interviews was to extend our 
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 understandings of energy use in the home towards more social issues such as sharing, 
privacy, habits and practices. The interviews were ethnographically informed insofar 
as our intention of developing an understanding of the broadest possible range of 
factors affecting energy consumption in the home. As such, following Pink et al. 
(2013) we invited participants to speak about how they used their house and the 
appliances and fittings within it, rather than a more specific focus on energy 
consumption itself. While it was not possible to assess all possible avenues of 
enquiry “no matter how vast or trivial their scope” (Garfinkel 1967, pp.32) as per 
Garfinkel’s conception of ideal ethnomethodological enquiry, the wide-scoped, less 
structured, contextual nature of the research was considered appropriate, given the 
ability of qualitative research to allow for an appreciation of complex issues through 
engaging comprehensive individual accounts and experiences (Liamputtong and 
Ezzy 2005). The intention of the interviews was to talk to people in their own homes 
about their energy consumption. The interviews consisted of a video-recorded ‘tour’ 
of the dwelling where we asked people to ‘show us’ different appliances and describe 
the ways in which they operated them and why. This ‘tour’, associated with all but 
four of the interviews is explained and justified below in Section 3.3.3. 
 
The interviews themselves were informed more strongly by qualitative social science 
and ethnographic-inspired methodologies (Liamputtong and Ezzy 2005, Pink et al. 
2011) than Participatory Design. The initial intention was to follow up the interviews 
with subsequent Participatory Design workshops or focus groups involving the 
interview participants, designers and other stakeholders including representatives 
from Energex (a government-owned power distribution company) and from energy 
retailers. Unfortunately due to both a lack of interest from participants and competing 
priorities for the researchers these workshops did not eventuate. 
 
3.3.2 Study population 
Participants for the Brisbane Interviews consisted of 23 residents of Brisbane, 
Australia.  Seventeen participants were female, three were male and during three 
interviews the husband and wife were simultaneously present throughout the whole 
interview. In order to participate in the interviews, participants were required to live 
at the dwelling where they were interviewed and to be involved to a degree with the 
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 management of bills and domestic activities (e.g. cleaning, cooking, washing). The 
majority of participants were in their 30’s or 40’s (17 participants) and owned their 
house (17 participants). All but three were married or living in a de facto 
relationship, two were single parents and one was a sole occupant. Seventeen of the 
participants had children at home, five had grown up children who no longer lived at 
home and one did not have children. Participants were recruited via a local 
community group representative, a community Facebook page and a letterbox drop.  
 
3.3.3 Research design 
Building on the concept of sharing energy consumption information socially, which 
had emerged during the Ideation Workshop, interview participants were asked how, 
when and with whom they shared information related to energy use or appliances. 
Questions were also related to how the households received feedback on their energy 
use; if so, how they made use of it and what their ideal energy use feedback would 
consist of. Through this process, it emerged that 18 of the 23 participants had 
received a simple energy monitor as part of a state government sustainability 
initiative (refer Figure 3-5 Small energy monitor installed in 18 of the 23 
Brisbane participants’ homes).  
 
 
Figure 3-5 Small energy monitor installed in 18 of the 23 Brisbane participants’ 
homes 
In all but four of the interviews, the interview process began with a video recorded 
‘tour’ of the dwelling in order to gather information on the appliances used, the 
settings which they were operated on, the main contributors to electricity use in the 
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 home and to establish a baseline for energy literacy (as per Abrahamse et al. 2007). 
The use of video in exploring the context of the home in relation to energy use was 
based in part on Pink et al. (2011). Pink utilised ‘video tours’ as sensory ethnography 
approach to understanding energy as embodied in wider social contexts of practices 
and processes of technical change and of examining how movements through the 
home related to energy consumption.  
 
“The video tour, in which the participant ‘shows’ the researcher the home 
while the researcher video records in such a way that is responsive to the 
participant’s guidance, enables researcher and participant to co-create an 
‘ethnographic place’ traced on video” (Pink et al. 2011, pp.126). 
 
It was this aspect of ‘showing’ that we wanted to harness through the video. The use 
of video represented a means of having the participants physically show us their 
appliances and their use of these appliances, rather than us asking about them. This 
served to uncover the “tacit issues in doing” (Ylrisku and Buur 2007, pp.57) and 
assumptions which may not emerge in verbal interviews. While Pink’s focus is more 
on establishing the home as an ‘ethnographic place’ (Pink et al. 2011), ours was 
more appliance-centred; seeking to understand the appliances used, how they are 
used, the factors affecting their use and the practices and habits of their use as part of 
daily routines. The value of the video tour in this context was highlighted when the 
video uncovered usage practices which would not have been likely to emerge in this 
way during the interview: 
 
Researcher: For the dishwasher, what setting would you normally have it on? 
 
Participant: This one. That one there. I can’t read that, but that’s the one I 
press. What does it say? 
 
Researcher: It says ‘Heavy Duty’.  
 
Participant: Oh. Oh or else this one here. Is that the environment or eco?  
 
Researcher: (pointing to the dial) That’s normal that’s eco that’s fast. 
 
Participant: No I like to make sure they get clean. I don’t use it very often, I 
mainly wash up myself.... I used to use the economy cycle, but sometimes I 
don’t find it’s the best and I use the heavier one. I probably only use it once a 
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 week, Maybe twice. I don’t use it very often at all.  
 
It can be seen here that the use of video in this instance provides us with a snapshot 
of the home at a point in time. While people may describe their home in their own 
words, video allows a slightly more objective view and requires participants to 
describe their use in the appropriate context and in the moment.  Video in this 
context also reveals the taken for granted assumptions people make in their homes, 
which are helpful in understanding motivations behind actions and use of different 
appliances (Ylirisku and Buur 2007). Results from these interviews are discussed in 
Chapters 5, 6, 7, as well as in Appendix A). 
 
3.3.4 Analysis 
All interviews were transcribed verbatim from the audio. In most instances the video 
camera that was used for the initial ‘tour’ of the dwelling was used throughout the 
interviews, most often with the lens covered during the interview proper to capture 
audio only. This gave the researcher the opportunity to pick up the camera and 
follow the participant if they wanted to show or demonstrate something of interest. 
As such, the transcription process involved transcribing the audio verbatim with 
notes made by the researcher of what was being filmed on the camera at the time.   
 
Following transcription, an iterative thematic analysis process involving manual 
coding was undertaken, based on Liamputtong and Ezzy (2005). The first iteration of 
this process was following the completion of 14 of the 23 interviews in preparation 
for paper presented in Chapter 5 of this thesis. This involved reading and re-reading 
the transcripts with emergent themes being noted on an Excel spreadsheet. 
Representative quotes as well as still photos taken from the video were then copied 
and pasted underneath each theme. These themes were then compared to ideas 
resultant from the Ideation Workshop and refined with further sub-categories 
developed. This iteration gave rise to the general themes of Privacy and Sharing, 
which represent consistent themes throughout this thesis, along with a number of 
sub-themes and categories.  
 
Chapter 3: Research Design 58 
 The second iteration of the thematic analysis was carried out after all 23 interviews 
had been completed and transcribed, in preparation for the paper presented in 
Chapter 7 of this thesis. In this iteration two researchers separately performed a 
thematic analysis of the interviews in the same fashion as the first iteration. Then 
both researchers printed out their individual analyses, compared notes and discussed, 
with both researchers making notes on each other’s print-outs.  
 
 
Figure 3-6: Thematic analysis process 
 
Figure 3-6: Thematic analysis process shows one researchers’ analysis in printed 
text with the second researcher’s comments overlaid in red pen. Themes and sub-
themes were negotiated, with several themes combined and expanded. Following 
this, both researchers collaborated in creating a master spreadsheet of themes and 
quotes based on their discussions and negotiations. Alongside the existing themes of 
privacy and sharing, new emergent themes included ‘perceptions of the purpose of 
eco-feedback’, ‘social norms’, ‘Disclosure’, ‘trust’ and ‘apathy’ among others.  
 
An example of this further breakdown is presented in Figure 3-7 Development of 
themes where the initial theme of ‘Privacy’ was broken down into a number of 
subthemes by Researcher 1. One of these was ‘Disclosure’, where a series of quotes 
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 were attached concerned with where participants mentioned the safety of disclosing 
information and gleaning value from disclosing information with known others. The 
fresh eyes of Researcher 2 then point out in red pen (refer Figure 3-7 Development 
of themes) that disclosure is as much affected by the medium through which the 
information is exchanged, as the sensitivity of the information itself. This important 
consideration led to a re-coding of the data and assisted in forming the basis for the 
social understanding of privacy presented in Chapter 6.  
 
 
Figure 3-7 Development of themes 
The third and final iteration of the thematic analysis of this data was carried out in 
preparation for the paper presented in Chapter 6 of this thesis. The purpose of this 
paper was specifically concerned with the different ways in which privacy concerns 
arise in association with the visualisation and sharing of information related to 
energy consumption. As such the thematic analysis process consisted of a third re-
reading of the transcripts with the intention of creating further sub-themes and 
categories under the single broad theme of ‘Privacy’. This analysis also included 
transcripts from the Riverstone Crossing interviews (refer Section 3.4) and self-
authored video exercise (refer Section 3.5), which were analysed concurrently with 
the Brisbane interviews. The result entailed the generation of a large number of 
categories concerned with privacy related to energy use information generated which 
were then discussed amongst the research group.  
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3.4 RIVERSTONE CROSSING: PRE-INSTALL INTERVIEWS 
The second major research undertaken for this thesis was pre-install interviews with 
35 households located in the developed community of Riverstone Crossing in the 
Gold Coast hinterland. At the time of the interviews, all 35 households were soon to 
receive, free of charge, a wall-mounted eco-feedback display capable of circuit 
specific energy and water consumption comparisons alongside a range of temporal 
visualisation options (refer Figure 3-8 Ecosphere).  
 
3.4.1 Study population 
All 35 Riverstone Crossing participants lived within a relatively new commuter 
suburb located 63km south of Brisbane and 25km north-west of Surfers Paradise in 
the Gold Coast hinterland. All participants owned their home and lived in houses that 
were less than 10 years old. As a result of the prevailing building code at the time of 
their construction, all houses were fitted with roof insulation and rainwater tanks. 
Most participants were between 25-44 years old (n=25), all but two were married or 
de facto and 29 of the 35 had children living at home. Twelve of these 35 Riverstone 
Crossing households were later integrated into the self-authored video study, 
described in Section 3.5 below. 
 
All participants were aware that they would soon receive (free of charge) a wall-
mounted eco-feedback system capable of providing detailed and visual feedback on 
their electricity consumption. Participants were aware that this system would send 
their energy usage data aggregates to a server owned by the installing company and 
that their energy use data would be available to both the installing company and 
university researchers. Although capable of measuring electricity, water and gas, 
local council regulations meant that only electricity and water would be measured 
during the trial. The home screen of the ‘Ecosphere’ is shown below in Figure 3-8 
Ecosphere. 
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Figure 3-8 Ecosphere  
(Source: http://www.auztech.com.au/home/index.php/ecosphere?showall=&start=1) 
 
3.4.2 Research Design 
The interviews were conducted at the same time as a pre-install wiring inspection 
carried out by Auztech- the company responsible for the installation of the eco-
feedback systems. Interviews were approximately 20-25 minutes in length. 
Purposefully building on themes which emerged through analysis of the initial 23 
Brisbane interviews, participants were asked specific questions regarding privacy 
and of the attitudes of the rest of the family including children towards their soon-to-
be-installed eco-feedback. Similar to the Brisbane interviews, these interviews were 
semi-structured and qualitative in nature, informed by Liamputtong and Ezzy (2005). 
Unlike the earlier Brisbane interviews, the questions associated with these interviews 
were less open ended more structured in nature. The questions, however, were 
targeted at furthering our understanding of particular themes that had emerged out of 
the less structured contextual interviews with the 23 Brisbane participants, namely; 
other family members’ attitudes towards the eco-feedback and questions around 
privacy. Thus while these interviews did not follow ethnographic methodology per 
se, they added greater depth to issues that had been uncovered during the previous 
round of more ethnographically informed contextual interviews.  
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 Questions were comprised of: (1) the participants’ motivations for signing up to the 
eco-feedback trial; (2) and the barriers households faced in saving energy; (3) the 
rationale behind the chosen placement of their soon-to-be installed eco-feedback 
systems; (4) questions regarding the other members of their household’s attitudes 
towards energy consumption and eco-feedback- particularly children, (5) questions 
around energy consumption privacy and whether and how energy consumption is a 
personal or private matter. These interviews are discussed in Chapters 6 and 8 of this 
thesis. 
 
3.4.3 Analysis 
Due to the more structured nature of certain questions when compared to the 
Brisbane interviews, initially the analysis process for the Gold Coast interviews 
consisted of using Microsoft Excel to assign responses (‘yes’, ‘no’, ‘save money’, 
‘environmental ethic’ etc) to the categories provided by interview questions 
themselves; in the style of a quantitative analysis. Following this, a thematic analysis 
process utilising manual coding according to Liamputtong and Ezzy (2005) using the 
same methodology as that applied to the Brisbane interviews (refer Section 3.3.4) 
was carried out with emergent themes later compared and contrasted to the Brisbane 
interviews. As noted in Section 3.3.4, a third iteration of the analysis process (in 
conjunction with the Brisbane interviews) was undertaken specifically for Chapter 6 
of this thesis. This consisted of the transcripts being re-read and re-analysed 
concurrently with the Brisbane interviews specifically for the purpose of exploring 
perceptions of privacy in relation to energy consumption.  
 
3.5 RIVERSTONE CROSSING- SELF-AUTHORED VIDEO INTERVIEWS 
Initially it was discussed that a second set of interviews with the Riverstone Crossing 
participants would be conducted approximately 6 months following the installation 
of the eco-feedback systems. However, the responses to the questions regarding other 
household members’ attitudes towards energy consumption prompted a change in the 
methodology towards a more participatory one that specifically sought to integrate 
all family members in the discussions, rather than having them being spoken for (or 
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 not spoken for) by someone else. Self-authored video was determined as a useful 
means of achieving this while simultaneously bypassing the logistical challenges 
associated with gathering the whole household in the same place at once.  
 
3.5.1 Justification for Methodology  
The majority of eco-feedback research focuses on the experiences of single 
‘participants’ rather than the family as a whole. Strengers (2013) notes that the 
participant who speaks to the researcher about their eco-feedback system is often the 
member of the household most interested in the device, i.e. the lead user; is often 
male; and may be not always be closely affiliated with the household practices that 
consume energy in the home in the first place, for example laundry, cooking and 
cleaning. For this reason, a whole-of-family approach that explores the attitudes and 
use of the eco-feedback by all family members rather than a single family-
representative is advocated (Strengers 2013).  As such, it was our express intention at 
this stage of the research to integrate all family members living with an eco-feedback 
deployment into our study. However rather than attempt the logistical challenge of 
ensuring all family members were home at the one time for group interviews (as per 
Strengers 2013), and following the useful insights gathered as part of our video-
recorded ‘tour’ associated with our 23 Brisbane interviews (refer Section 3.3), it was 
decided to continue our use of video, but this time to hand control of the camera over 
to the participants.  
 
Self-authored video is well justified as a methodology in the context of this study, as 
it allows a view through the family’s eyes as into what they deem to be important 
enough to video-tape, as opposed to what the researchers deem to be important 
(Ylirisku and Buur 2007). This provides insight into the taken-for-granted 
assumptions of different families and individuals (Jacknis 1988). Ylirisku and Buur 
(2007) identify self-authored video as a useful means of accessing more intimate 
places such as the family home without the intrusion of a researcher with a camera. 
Self-authored video is also useful in this study as it allows the documentation of 
context-related experiences as they happen, thus minimising retrospection:  
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 “This contention is based on the perception that the experiences are recorded 
in a more genuine form there and then in a diary than situations such as 
group interviews conducted afterwards. When people look back, they do not 
necessarily remember the situations and sensations that they have 
experienced sufficiently well, or their reminiscences are contaminated or 
distorted”, (Mattelmaki 2006, pp.40) 
 
The way that the cameras were deployed to households in our trial is similar to that 
of a design probe or technology probe (Mattelmaki 2006, Bourgeoies et al. 2013), in 
that each camera was deployed to the household for a limited period during which 
each family member took an active role in the creation of design material. We follow 
Bourgeoies et al. (2013) who utilised a technology probe approach to gather 
information about the desires and needs of users when learning about the energy 
generated by their rooftop solar systems. Although the deployment of the cameras 
and intention is similar to Bourgeoies (2013), the cameras in this research were not 
designed to be technology probes in the original sense of exploratory design 
inspiration tools, rather, a creative means of collaborative interviewing and creating 
design material (Mattelmaki 2006). As such the process is instead described as Self-
authored Video Interviews. 
 
3.5.2 Study population 
The study population for the self-authored video interviews represented a sub-section 
of the original 35 Riverstone Crossing families who received the Ecosphere eco-
feedback system. While the initial aim had been to target only families with children 
in order to investigate childrens’ engagement with the eco-feedback specifically, due 
to a high incidence of technical malfunction in the initial months of the trial, this was 
not possible in all cases. Instead the sample was comprised of 12 willing families 
with operable Ecosphere units, 10 of whom had children living at home. The 
majority of families were made up of a husband, wife and one or more children, 
however one family involved a single mother and another was a single occupant who 
had until recently, shared the house with her daughter and grandson. 
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 3.5.3 Research design: Self-authored video interviews 
Small portable ZOOM Q2HD video cameras were deployed to 12 of the 35 
households who had received eco-feedback. The intervention came approximately 5-
7 months after the install of the eco-feedback systems (described above) and each 
camera was left with each family for between 1-2 weeks before being picked up 
again by the researcher.  Attached to the cameras were six laminated flip cards (refer 
Figure 3-9 Camera with flip cards attached), with the questions: (1) Show us your 
last interaction with the eco-feedback (2) What features you like- why? (3) What you 
don’t like about it- why? (4) What’s been happening recently- i.e. hot weather, 
visitors, holidays etc. and (5) What have you learned from it, how did you learned it 
or who did you learn it from? Each family member was asked to answer these 
questions individually. On the sixth card was an invitation for the whole family to 
participate in the “Steven Spielberg Challenge”. Here, each family was invited to 
make a short ‘mockumentary’ about the family’s use of the Ecosphere. Suggestions 
for content included “outline the roles each family members plays in energy use in 
the household”, “Design your own alternative eco-feedback system” and other 
similarly playful scenarios. This format encouraged families to work together in the 
creation of material where in most cases one family member would hold the camera 
while the other answered the questions and in some cases probe their sibling/parent 
further if an answer was deemed to be unsatisfactory. Responses were sometimes 
questioned or challenged by other family members and this provided a useful insight 
into the workings and dynamics of different families independent of their energy 
consumption. All in all the Self-authored Video Interviews represented a highly 
insightful, practical and effective methodology and are discussed in Chapters 6 and 8 
of this thesis.  
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Figure 3-9 Camera with flip cards attached 
 
3.5.4 Analysis 
Analysis initially took the form of preparing ‘video cards’ in the style of Buur and 
Soendergaard (2000). “The basic idea of the Video Card Game is to turn video 
segments into artefacts (cards), which the developers can refer to and handle in a 
design discussion” (Buur and Soendergaard 2000, pp.64). Several stills from each 
family’s videos were printed onto A4 sheets with the researchers adding annotations 
and quotes that were spoken at the time of the still.  
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Figure 3-10: Cards made from part of one family’s video 
 
While we did not follow through with the Video Card Game as described by Buur 
and Soendergaard (2000), the creation of cards in this manner represented a useful 
means of capturing moments of interest with both audio and video data. In addition 
to this, all audio from the videos was transcribed, read and re-read. A thematic 
analysis process akin to that described in Section 3.3.4 was then undertaken utilising 
both quotes taken from the audio alone as well as the pre-prepared Video Cards. 
During this process many more video cards were created in order to capture 
moments, facial expressions and nuances of interactions that representative of the 
different themes which emerged during the analysis. Both video and audio data from 
this exercise was later re-analysed as part of the privacy-specific thematic analysis 
described in Sections 3.3.4 and 3.4.3 contributing towards the paper presented in 
Chapter 6 of this research. 
3.5.5 Reflections, challenges and opportunities  
One of the advantages of self-authored video touted by the literature (Ylirisku and 
Buur 2007) is the ability to gather insights into the function of a family home without 
the intrusion of a researcher holding a camera. However some participants spoke to 
the camera (when making their videos) as if the researcher was, in fact, still in their 
home; embodied in the camera. Similarly, only three of the 12 families followed 
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 through with the Steven Spielburg Challenge, despite offers of additional time to 
complete them. A challenge for future iterations of the methodology therefore is how 
to transcend this notion, lessen self-consciousness and encourage creativity. One idea 
for how to do this is appealing more specifically to children to champion the process, 
perhaps interviewing their parents. It was noticed that the children who took part in 
the self-authored videos were less likely to consider who their audience might be, 
creating in the process some of the most insightful material. It is believed that this 
may be a fruitful opportunity for future deployments of self-authored videos. 
 
The analysis process, although considered effective, was a source of some tension 
initially. The self-authored videos in many ways resembled deploying what can be 
interpreted as a form of a design probe (Mattelmaki 2005), however it was also used 
to ask five questions of the participants more reminiscent of a qualitative interview. 
The tension surrounded the extent to which it is appropriate to analyse and produce 
design implication from what are essentially probes, something that should be ludic, 
playful and inspirational. For future adaptations of the method, while I feel it is still 
necessary to impose some sort of order, at least on the interview components, it is 
important for fellow authors not to consider the creative components as “hard data” 
to be extensively analysed and rationalised. Instead, that attention is paid in the 
analysis process to attempting to understand the world through the eyes of the 
different family members and use this as a tool for ideation and design inspiration. 
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 Chapter 4: The value of smart metering 
household electricity 
consumption 
Snow, S. & Brereton, M. (2012). The value of smart metering household 
electricity consumption. In Tunstall, Elizabeth & Clausen, Mads (Eds.) 2012 
Participatory Innovation Conference Digital Proceedings, Swinburne University, 
Melbourne, VIC, pp. 1-6.  
 
Preamble 
Chapter 4 explores the potential value of sharing smart metered electricity 
information with businesses and third parties; relating to Research Objective O3 
(refer Section 1.2). The chapter determines that sharing smart metered information 
may support new value propositions for businesses. In turn, an understanding of how 
consumers prefer and interpret different representations of their electricity 
consumption is valuable to businesses seeking to tailor value propositions to 
households based on their consumption patterns. Being located at the front end of the 
design process and at the early stages of the research contained within this thesis, the 
paper is largely exploratory in nature, investigating energy consumption as a visible 
and sharable commodity rather than a number or quantitative aggregate.  
 
The purpose of the paper was to explore how householders understand and react to 
visualisations of their electricity consumption information and to explore how energy 
consumption is embodied in social contexts and everyday practices; addressing 
Research Objective O1 (refer Section 1.2). Two pre-prepared visualisation 
prototypes based on their own smart metered data were presented to households to 
determine whether and how they could relate their electricity consumption to their 
everyday activities.  
 
The data for this paper was gathered out as part of a workshop at the University of 
Southern Denmark and as such this PhD is disconnected from the sampling process 
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for this particular paper. In creating the visualisations it was decided to trial one more 
interactive and one more passive visualisation as a means of exploring how people 
relate to their energy consumption. The purpose was exploratory and as such the 
point of the exercise was not that of comparison, i.e. which of the two was ‘better’ or 
more relatable, but to attempt to uncover some of the issues facing users of energy 
and how this might shape or inform future business models.  
 
Overall, participants enjoyed the process of reconciling consumption peaks to 
household activities, but in both cases they desired additional information to 
reconcile consumption other than visualisations alone. For this reason, if the exercise 
was to be replicated, it was decided that the raw data, from which the visualisations 
are derived, should also be on hand for the participants’ reference. The exercise, 
although very limited in size, was very insightful in uncovering some of the issues 
associated with domestic energy consumption that remained as key themes 
throughout this thesis, including sharing, privacy and engagement over time. It was, 
determined, however, that the “business angle” would not be followed through with 
any further, as the family context of energy alone is of ample scope for a PhD. 
 
ABSTRACT 
Smart metering presents opportunities for business model creation. However the 
viability of many potential business models in a smart metering scenario may be 
dictated by privacy regulation and data sharing arrangements. An understanding by 
businesses of customers’ preferences for the visualisation of their electricity 
consumption and the degree to which they are willing to share it, is valuable. We 
present results from two interviews exploring data visualisation and willingness to 
share personal electricity consumption information. Participants displayed a high 
willingness to share and a preference for access to additional information when 
visualising their electricity consumption. 
 
4.1 INTRODUCTION 
Electricity to the average householder over previous decades has taken the form of an 
invisible, plentiful and ubiquitous commodity; available at the flick of a switch and 
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“visualised” only upon receipt of an infrequent bill (Faruqui et al. 2010). 
Furthermore, business models for electricity network operators in Australia do not 
yet extended far beyond the provision of electricity to customers at regulated tariffs. 
The introduction of more advanced metering infrastructure such as smart meters and 
smart networks however, would result in increasingly detailed electricity usage 
information becoming available not only to the consumer, but to their electricity 
provider as well (Quinn 2009, Darby 2010).   
 
This scenario of increased visualisation and sharing of electricity consumption 
information involves a significant overhaul of existing metering infrastructure and 
may give rise to new markets, new business models and new value propositions for 
established business models within the electricity market (Quinn 2009). Under a 
smart metering scenario, knowledge of how customers wish to receive energy-centric 
information and are willing to share their personal electricity data becomes an 
important and potentially valuable asset for both existing and nascent business 
models within the domestic electricity market.  
 
This paper firstly seeks to highlight the potential for business model creation in smart 
metering scenarios and the nature of potential business opportunities. Findings from 
two semi-structured interviews with families, concerning visualisations of their 
electricity consumption are then presented. These findings provide insight into the 
desirable attributes of electricity use feedback as well as consumer perceptions 
regarding smart meter privacy. Several areas warranting further research are 
identified in light of the findings. 
 
4.1.1 Smart metering 
A smart meter represents a replacement for the conventional household electricity 
meter. Smart meters communicate electricity consumption information to the 
electricity utility via existing communications infrastructure and in certain instances 
to the household via in-home displays or website logins (Darby 2010). A smart 
network is an established electricity network consisting of many individual smart 
meters communicating with the electricity utility (Darby 2010, Fan et al. 2010).  
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Figure 4-1 Conventional and smart meter information and cost flows(below) 
represents a sketch of the information and cost flows associated with the traditional 
electricity delivery scenario compared to a smart metering scenario (a bi-
directionality occurs to cost flows if solar panels are incorporated). Establishment of 
smart networks has already begun in several parts of the US and Europe (Quinn 
2009). In Australia, progress toward advanced metering infrastructure varies between 
states with a progressive smart meter roll-out already underway in Victoria (AER 
2011). 
 
Figure 4-1 Conventional and smart meter information and cost flows 
 
4.1.2  The value of smart metered information  
Existing smart metering pilots communicate consumption data at time intervals of 
between 15 and 60 minutes, however this interval is predicted to decrease over time 
as technologies improve (Fan et al. 2010). Increased data granularity has both 
positive and negative impacts, with increased opportunities for business innovation 
but also greater implications for consumer privacy (Quinn 2009). High granularity 
electricity consumption information allows recipients of the data an unprecedented 
level of insight into a household’s appliance use and behaviour (Fan et al 2010, 
Efthymiou and Kalogridis 2010). Data-profiling this type of high-definition energy 
consumption data over time can reveal with some clarity personal information such 
as: 
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• The level of efficiency of household appliances operated 
• Cooking preferences (for instance the occurrence of microwave cooking over 
stove/oven cooking)  
• Use of air conditioning 
• What type and how much TV is watched (Cavoukian et al. 2010) 
Information such as this may be highly valuable not only to the household’s 
electricity utility, but potentially to a range of existing and yet-unrealised business 
models. 
4.2 POTENTIAL BUSINESS MODELS AND VALUE PROPOSITIONS IN A 
SMART METERING SCENARIO 
Quinn (2009) identifies the likelihood of third parties desiring access to high 
granularity household consumption data through either the electricity utility or the 
consumer themselves. With this access, third parties could then tailor value 
propositions to specific households based on their consumption patterns. Such 
organisations and their potential value propositions include (but are by no means 
limited to) those presented in Table 4-1 Potential business models and value 
propositions associated with smart metering (Adapted from Quinn 2009). 
 
Business model Potential value propositions  
 
Electricity utilities Improved demand management, load forecasting and fault 
identification, better integration of renewable energy 
sources 
 
Marketing 
companies 
 
Better targeted marketing of various products or services 
Energy auditors 
 
Targeted marketing to high-consuming households 
Energy feedback 
designers / retailers 
Identification of smart metered residences 
Targeted marketing of home electricity feedback and 
management solutions 
  
Regulatory 
agencies 
Better identification of fraudulent activities (for instance 
drug manufacture) or other unlicensed electricity usages 
 
Table 4-1 Potential business models and value propositions associated with smart metering 
(Adapted from Quinn 2009) 
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As a result of the sensitive nature of this type of information, the prevailing privacy 
regulation and consent requirements associated with any future smart metering 
scenario are likely to influence the nature and viability of the business models and 
value propositions presented in Table 4-1 Potential business models and value 
propositions associated with smart metering (Adapted from Quinn 2009) 
(Cavoukian et al. 2010). If smart meter data granularity is to increase as predicted, 
considerable effort needs to be focussed on finding the appropriate means to ensure 
adequate consumer privacy without negatively affecting the potential for business 
innovation (Cavoukian et al. 2010). 
 
Despite current low levels of data granularity (15-60mins)   the potential for smart 
metering to facilitate business model creation is high (Quinn 2009, ENA 2010). This 
is particularly so in the electricity management industry, where a move towards 
smart metering is expected to increase demand for energy feedback and management 
solutions (Fan et al. 2010, ENA 2010). Great Britain for instance aims to install 
smart meters into every UK home by 2020, with an in-home display device offered 
standard with every smart meter (DCCE 2011, Ipsos-MORI 2011). 
 
Therefore, an understanding by business and government alike, regarding how 
householders conceptualise electricity-centric information, the ways they prefer to 
visualise their electricity feedback and the degree to which they are willing to share 
it, is highly valuable. Accordingly, the second part of this paper describes a study 
involving the visualisation of electricity use feedback, touching on consumer 
attitudes to privacy and some implications for potential business models 
.  
4.3 VISUALISING ELECTRICITY USE FEEDBACK 
There is limited literature on near-instantaneous electricity feedback systems (eg. in-
home displays) that considers how the feedback is accepted or used by the 
household. While many studies link the provision of direct electricity feedback with 
household energy savings (Fischer et al. 2008, Faruqui et al. 2010), few investigate 
exactly how the behaviour change was actuated, or what is the most effective way of 
presenting the feedback to users (Wallenborn et al. 2010). Only more recent 
academic studies explore household interaction with feedback (Hargreaves et al. 
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2010), the aesthetic and positional issues associated with in-home displays (Riche et 
al. 2010) and the most effective ways to visualise feedback (Karjalainen 2011). In the 
case of a significant roll-out of in-home display systems, this information is highly 
valuable to regulators and industry alike.  
 
Using pre-designed prototypes, Karjalainen (2011) showed participants a range of 
different electricity feedback visualisations in order to gain insight into the most 
desirable attributes of the visualisations. Results indicated a general preference for 
those visualisations which incorporated cost, historical consumption comparison and 
identification of appliance-specific consumption (Karjalainen 2011). Our pilot study 
builds on work related both to smart metering and to the visualisation of energy 
consumption. 
 
4.4 METHODOLOGY 
As part of the IT Product Designs graduate program: “Ethnography by numbers”, 
conducted at the SPIRE Research Centre (University of Southern Denmark), we 
accessed smart meter data from two consenting families in Sønderborg, Denmark. 
These families had voluntarily installed smart meters in their homes as part of a trial 
with a Danish electricity utility. Hourly consumption totals were relayed to the utility 
and made available to the families through unique login and password combinations 
on the utility’s website.  
 
Using downloads of the families’ raw hourly consumption data, two visualisations 
were created on the theme of “everyday behaviour”- relating energy consumption to 
behaviours and activities within the home. These visualisations were presented and 
discussed with each family during an informal interview conducted at their 
residence. Two adult representatives of each family were present at both interviews. 
 
The first visualisation involved a computer-generated animation which highlighted 
the hour of each day at which the highest average consumption occurred. These 
highest consumption hours accumulated on the left of screen throughout the course 
of the animation (refer Figure 4-2 Animation visualisation). 
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Figure 4-2 Animation visualisation 
 
In the second visualisation, participants were invited to place picture-cards 
corresponding to their typical behaviours or appliance usage on a 24 hour timeline. 
Different days’ consumption graphs plotted on A3 transparencies were then overlaid 
upon the populated timeline, allowing participants to compare the perceived timing 
of their behaviours with their actual consumption (refer Figure 4-3 “Everyday 
behaviour” visualisation). 
 
 
Figure 4-3 “Everyday behaviour” visualisation 
 
The intention of both visualisations was to create awareness among the families of 
the relationship between everyday behaviour and electricity consumption and to 
provide interest for participants of varying levels of energy awareness. 
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4.5 KEY FINDINGS AND DISCUSSION: DATA VISUALISATIONS 
The two visualisations were well received by both families, who each described the 
process as beneficial.  Each was able to relate to the visualisations; reconciling the 
timing of their consumption peaks with their own activities with considerable 
accuracy and satisfaction.  
 
Of particular relevance to feedback design, is the level of interest expressed by both 
families regarding their wish for further information. One participant felt the 
computer-animated visualisation needed to incorporate more than just the timing of 
his maximum consumption and thus chose to access raw data from his electricity 
utility log-in portal for cross-reference: 
 
“Now I know that my standby consumption is what I have to work on, but 
that’s only because I have both results” - (Family 1).  
 
During the presentation of the picture-card visualisation to the second family, both 
family members expressed a desire to compare this visualisation to further 
information, such as data from other months. One family member queried whether it 
was possible to determine the contribution of individual appliances to the data:  
 
“It would be nice to have something to compare the graphs to...You don’t 
know how much the dishwasher or the washing machine would affect the 
consumption?” – (Family 2) 
 
While the validity of these pilot study findings is clearly compromised by sample 
size, our findings support Karjalainen’s (2011) assertion that feedback systems which 
allow access to historical comparisons of consumption and which can identify the 
contribution of individual appliances to total consumption are most popular among 
consumers.  
 
Despite similar results to Karjalainen (2011), this research represents only one small 
area of a very complex issue. The families in our study had voluntarily installed their 
smart meters and expressed a high level of energy literacy. Further research is 
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warranted into the influence of levels of energy literacy and interest, upon 
perceptions of the desirable attributes of energy feedback.  
 
In terms of business model creation it is noteworthy that neither family operated any 
form of in-home display with their smart meter. The level of interest exhibited in our 
visualisations by the families suggests that such a device (if marketed properly) may 
be highly desirable at least in our two case studies. Energy management business 
models also stand to benefit from further research in the vein of Karjalainen (2011), 
toward maximising the accessibility of in-home displays to the full range of potential 
end-users. 
 
4.6 KEY FINDINGS AND DISCUSSION: DATA PRIVACY  
While aspects of privacy were not central points of discussion during both 
interviews, the degree of correlation between one family’s behaviour and their 
electricity consumption prompted a family member to joke:   
 
“It’s like having a spy in the house (laughs)”- (Family 2). 
 
However, when questioned about any reservations they had regarding the sharing of 
their electricity consumption information with their electricity utility (and with us), 
both families were seemingly unconcerned:  
 
“...we are happy that someone makes us aware [of our consumption]”- 
(Family 2). 
 
This willingness to share was somewhat of a surprise, considering both families’ 
noticed how their electricity consumption data correlated with their personal 
behaviours. In terms of their willingness to share their usage information, our 
exploratory findings are in line with DCCE (2011) who report that privacy ranked 
behind cost in consumer concerns with smart metering. 
 
From a business perspective, the data granularity in this instance is insufficient to 
establish detailed information on behaviour appliance usage.  While this hourly 
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consumption information may be of interest to certain marketing companies, it is 
expected that higher granularity data would be of greater commercial value. 
 
4.7 FUTURE RESEARCH DIRECTIONS 
The fact that privacy regulation can influence the viability of business models in a 
smart metering scenario highlights the importance of an understanding among 
business and regulators of the human aspects of privacy considerations. While Quinn 
(2009) and Fan et al. (2010) imply business model creation and robust privacy 
regulation are largely mutually exclusive, we are not so sure. Heavy-handed privacy 
regulation could no-doubt compromise the potential for business model creation, 
however carefully designed privacy regulation which empowers consumers may 
deliver greater mutual benefit (DCEE 2011).  
 
We therefore envisage our future work to investigate aspects of consumer control of 
smart meter data and their willingness to share it. For instance, while electricity 
utilities disseminating smart meter information to third parties is likely to be 
undesirable, consumers may be willing to provide fragments of their own data 
directly to third parties in return for desirable value propositions. We therefore aim to 
investigate the “when”, “how much” and “to whom” aspects of consumers’ 
willingness to share electricity information. 
 
Research into the social aspects of smart meter privacy serves to expand our 
knowledge beyond the current focus on technological aspects (Efthymiou and 
Kalogridis 2010, Fan et al. 2010). This line of enquiry builds not only on existing 
studies into smart meter privacy (Quinn 2009, Cavoukian et al. 2010, Efthymious 
and Kalogridis 2010, Fan et al. 2010), but also build on work by Dourish and 
Anderson (2006) and Waters and Ackerman (2011) concerning privacy and 
disclosure in ubiquitous computing and social networking.  
 
4.8 CONCLUSIONS 
In summary, the potential for business model creation in a smart metering scenario 
appears to be high, even at relatively modest levels of data granularity. This pilot 
Chapter 4: The value of smart metering household electricity consumption 81 
 82 
study serves to highlight the complexity of considerations in designing a smart 
metering framework which allows for business model creation without 
compromising consumer privacy. Further research into aspects of privacy including 
consumers’ willingness to share is well justified and future and current business 
models may benefit from such research. As smart metering is yet to be realised in 
many parts of Australia, it is an ideal time to conduct research into how best to 
maximise smart meter benefits to consumers, business and electricity utilities. 
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PREAMBLE 
This chapter presents the argument that a pre-occupation with the goal of demand 
management (i.e. lowering households’ energy consumption) contributes to systems 
such as eco-feedback and smart meters falling short of their potential for user 
engagement. While the focus of Chapter 4 was on smart meters and third-party 
stakeholders such as businesses, Chapter 5 represents a re-focus of the design 
direction towards the household and the family home. This chapter also follows 
through further with some of the themes uncovered in Chapter 4, namely the 
importance of understanding the social context of energy consumption and sharing 
energy information. 
 
Based on 14 in-depth qualitative interviews with Brisbane householders and ideas 
gathered during an Ideation Workshop with designers, the paper suggests that 
encouraging the social sharing of energy use information may be a means of 
knowledge sharing, social learning and engagement regarding energy use. This 
serves to address Research Objective O3 (refer Section 1.2). Privacy re-emerged as a 
consideration for energy use information and eco-feedback in the home due to the 
potential for eco-feedback to expose previously private actions within the household. 
This contributes towards Research Objective O4 (refer Section 1.2).  
 
The interviews produced insightful information about the participants understanding 
of their energy use and appliances. The semi-structured nature participant-led nature 
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of the interviews was carried through in subsequent research as part of the PhD (refer 
Chapter 6-8). Despite this, it was decided, in retrospect, that the paper may have had 
more impact if it was specifically targeted as an argument against the implicit 
positioning of eco-feedback devices as persuasive technology (for example 
Brynjarsdottir 2012, Schwartz et al. 2013). The paper claims that “a pre-occupation 
with demand management may be limiting the scope for design”, however a more 
explicit focus on the extent to which eco-feedback is deemed persuasive and how this 
impacts use, may have given the paper more impact. 
 
ABSTRACT 
Technologies such as smart meters and electricity feedback are becoming an 
increasingly compelling focus for HCI researchers in light of rising power prices and 
peak demand. We argue, however, that a pre-occupation with the goal of demand 
management has limited the scope of design for these technologies. In this paper we 
present our work-in-progress investigating the potential value of socially sharing 
electricity information as a means of broadening the scope of design for these 
devices. This paper outlines some preliminary findings gathered from a design 
workshop and a series of qualitative interviews with householders in Brisbane, 
Australia, regarding their attitudes towards electricity feedback and sharing 
consumption information. Preliminary findings suggest that; (1) the social sharing of 
electricity feedback information has the potential to be of value in better informing 
consumption decisions, however; (2) the potential for sharing may be constrained by 
attitudes towards privacy, trust and the possibility of misinformation being shared. 
We conclude by outlining ideas for our future research on this topic and invite 
comments on these ideas. 
 
5.1 INTRODUCTION 
Australia uses 22% more electricity per capita than the OECD average and produces 
95% of its electricity from non-renewable sources (Garnaut et al. 2008). Attempts by 
policymakers to address Australia’s energy consumption are well justified. Recent 
years have seen a rapid growth in interest towards technologies aimed at encouraging 
households to modify or reduce their electricity consumption. These technologies 
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include advanced metering infrastructure such as smart meters as well as various 
interactive or passive technologies which provide feedback on different aspects of 
energy consumption (Darby 2010). 
 
We accept that these technologies represent valuable instruments for policymakers 
wishing to reduce or modify domestic electricity demand (Faruqui et al. 2010). 
However, whilst attempts to modify domestic demand are justified in order to 
preserve the efficiency of electricity supply and distribution infrastructure, we 
consider that a pre-occupation with this single goal may serve to limit the potential 
for innovation in the design of smart metering and electricity feedback systems. This 
paper suggests a means of redefining and expanding the role of these instruments 
beyond their current function, in particular, outlining the potential value of 
households sharing their electricity information in a social capacity.  
 
We approach this study from the viewpoint that household electricity consumption 
occurs in a social frame of reference (Colley et al. 2011, Strengers 2008) and that as 
such, economic approaches to modifying demand do not always align with everyday 
practice. Our research draws on the tradition of design thinking. Schön considers that 
design work should be equally concerned with defining a given problem as about 
actually solving it (Schön 1990). Here we do not argue that researchers have been 
addressing the wrong problem, but suggest that designing primarily for demand 
management may serve to limit the scope for design.  
 
This paper documents our work in progress towards a more holistic problem 
definition in this design space, providing a basis for further work where we hope to 
explore alternative roles for feedback and smart metering systems. The paper begins 
with examples from the literature supporting the argument that rationales for smart 
metering and electricity feedback tend to focus on demand management from a top 
down perspective rather than more bottom up appraisals of use by participants. We 
then present suggestions for how and in which direction these rationales could be 
expanded through inspiration and preliminary findings from our work in progress. 
Initially we gathered inspiration for our design direction through a short workshop, 
where discussions produced novel ideas for user empowerment through electricity 
information sharing. We are now in the process of balancing these ambitious ideas 
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with more grassroots accounts of how households currently represent and share 
information related to their electricity consumption. 
5.1.1 Expanding rationales for smart metering and electricity feedback 
Smart metering and electricity feedback technology provide designers with many 
opportunities to invent novel approaches to smarter energy use. Smart meters 
represent replacements for the conventional household electricity meter, capable of 
two way communication with the electricity utility and the provision of alternative 
tariffs (Darby 2010).  
 
HCI literature outlines significant potential for smart meters to empower households 
in regard to their electricity use, in terms of fostering closer relationships between 
electricity providers and consumers; businesses model creation, social data sharing 
and better integration with electricity feedback (Quinn 2009, Darby 2010). Despite 
these considerable design opportunities, there is little evidence to suggest that current 
rationales for smart meter deployment extend far beyond their ability to facilitate 
alternative tariffs and improve demand management (Red Jelly 2008). Previous 
market research into smart metering in Australia for instance, explained the “overall 
rationale” behind smart metering to focus-group participants simply as “managing 
load” (Red Jelly 2008, p.8). There is thus a discrepancy between the potential roles 
of smart metering programs envisaged by designers and those implemented by 
policymakers. This discrepancy highlights many opportunities for HCI designers to 
further explore the benefits offered by smart metering.  
 
Householders (smart metered or not) can now receive near real-time feedback on 
their electricity consumption through interfaces such as portable energy monitors, in-
home displays and PC or web-based applications (Petkov et al. 2011). Consistent 
throughout the majority of the rich literature on electricity use feedback is the finding 
that the provision of feedback creates an energy saving effect of between 5% and 
15% (Faruqui et al. 2010, Fischer 2008). Equally consistent however, is the 
prevalence of “energy savings” as the primary measurement of the “success” of these 
feedback trials. As a result, design implications tend to focus on how feedback can 
be designed “in order to achieve optimum results” (Fischer 2008, p.80). Here we are 
certainly not suggesting that feedback should not aim to modify or reduce electricity 
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demand, but argue instead that this narrow definition of “success” may be limiting 
the scope and opportunities for electricity feedback design.  
 
Already HCI has made significant progress in broadening the study of electricity 
feedback beyond merely energy saving potential. This includes exploring tangible 
and artistic visualisations of electricity consumption (Pierce et al. 2008), work into 
the effect of placement and aesthetic aspects on the acceptance of feedback into the 
household (Riche et al. 2010) and an analysis of the desirable attributes of electricity 
feedback Karjalainen 2011). Despite this, few contributions explore the potential role 
of feedback beyond the walls of the individual dwelling (Colley et al. 2011, Petkov 
et al. 2011).  
 
Investigating the influence of feedback beyond the single dwelling represents an 
exciting means of extending the rationales of electricity feedback and smart metering 
technology. Our research intends to build on these existing HCI contributions by 
investigating the sharing of electricity information in a social capacity. By this we 
mean exploring the value of the conversations, stories and advice shared between 
households in regard to their consumption. Accordingly, the main research questions 
associated with this study are: 
 
• To what extent can feedback and smart meter systems foster the sociable 
sharing of electricity information?  
• What value is this sharing in empowering households towards more informed 
consumption decisions?  
 
5.2 GATHERING DESIGN INSPIRATION 
The first step in our design process was to seek the help of fellow designers in 
exploring the limits of how electricity information could be shared and what value 
this information might be to different stakeholders. As part of the Participatory 
Innovation Conference (see www.pin-c2012.org), we ran a short workshop titled 
“Beyond the tariff: exploring the values of smart metered information”. In the 
workshop, three tables of 5-6 participants were given a number of picture cards, post-
it notes, pens and paper on which to arrange the materials on and draw as they 
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wished (refer Figure 5-1: One group at work, Figure 5-2 A finished product). The 
cards represented depictions of generic smart metering stakeholders (households, 
businesses, utilities etc) with many cards left blank to allow participants to illustrate 
their own ideas. The intention of the workshop was for each group to collaborate in 
designing mock-up models for alternative information, cost and value flows between 
different smart meter stakeholders. Most participants had experience in design and 
none considered themselves experts in matters of domestic electricity. As such, the 
workshop represented an exercise in gathering design inspiration rather than an 
attempt at engaging smart meter stakeholders. 
 
5.3 SOCIAL SHARING OF ELECTRICITY CONSUMPTION: HOW FAR 
CAN WE TAKE IT? 
While discussion was initially limited to the values of smart metered information to 
businesses and electricity utilities, in time conversations diverged into more 
alternative explorations of electricity information, particularly the role of sharing. It 
was considered that sharing smart metered information socially might stimulate 
interest in electricity consumption and foster greater levels of energy-literacy. It was 
thought however, that this sharing would be unpopular unless it took place through 
existing communication channels.  
 
One group considered many people publish personal information on social media (i.e 
Twitter, Facebook) which they would be unlikely to share through other mediums 
and whether social media’s ability to transcend barriers to disclosure could be 
utilised in the context of sharing smart metered information. Another group 
considered social media to be an ideal platform on which to share electricity 
information due to the system of “friends” better enabling people to choose who they 
shared their information with.  
 
Of the two groups who discussed aspects of control over data, both agreed that the 
control of smart metered data should ultimately be in the hands of the user. It was 
considered that sharing information of this nature would be unpopular unless it 
occurred through existing communications channels and people had control over 
who it was shared with. 
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Figure 5-1: One group at work 
 
Ideas generated during the workshop build on the potential benefits of smart meters 
outlined thus far in the literature (Quinn 2009, Darby 2010) and suggest much 
potential for an expansion of the role of smart meters and their interfaces beyond 
their current roles. The workshop served to both inspire and inform our research 
direction towards (1) the potential to empower households through the sociable 
sharing of electricity information and (2) the consideration of factors which might 
potentially constrain this.  
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Figure 5-2 A finished product 
 
On the other hand, the workshop did not bring us any closer to determining whether 
people are likely to be willing to share their smart metered information in the first 
place and if so, with whom. Furthermore, many of the ideas generated during the 
workshop depend on smart metering or at least some means of regular electricity 
feedback being installed. At present smart metering is implemented in only one state 
of Australia and real-time electricity feedback remains relatively uncommon.  
 
As such, in further work towards a more comprehensive problem definition, we now 
aim to balance our research with grassroots accounts from householders about their 
attitudes towards sharing information of this nature and if, why and when they 
already share it. We expect these accounts to form a first step into determining the 
potential value and feasibility of electricity information sharing.  
 
5.4 BRINGING IT BACK HOME: ATTITUDES TOWARD SHARING 
ELECTRICITY  
We are currently in the process of conducting qualitative interviews with 
householders in Brisbane, Australia. Our sample group consists of adult household 
members who identify themselves as playing a meaningful role in the daily operation 
of the home and in household finances. Of an expected 20 interviews in total, we 
have conducted 14. The interviews involve a brief energy audit of the dwelling, 
followed by questions regarding their current practices and attitudes towards 
electricity feedback and sharing electricity information. The ideas generated during 
the workshop regarding control over electricity information served to focus the 
questions on sharing towards participants’ practices and attitudes regarding sharing: 
Firstly, what aspects of their electricity consumption do they already share- and with 
whom? Secondly, if they were to have access to more detailed or disaggregated 
consumption information through improved feedback; would they feel comfortable 
sharing this? Being a work in progress, the findings we present here are very 
preliminary in nature and we do not wish to make too many claims regarding the 
applicability of our findings to a wider sample.  
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5.5 REPRESENTATIONS OF ELECTRICITY IN THE HOME: 
ELECTRICITY FEEDBACK  
The quarterly electricity bill has represented the primary source of electricity 
feedback to all participants, often producing some trepidation around its arrival. 
Additionally 11 of the 14 participants received a simple wireless energy monitor 
through a government initiative that displays aggregate kW/h and $/h on its default 
screen. For the majority of participants both with and without a monitor, electricity 
was conceptualised more as an “amount” to pay quarterly, rather than a culmination 
of individual actions and appliances. Few of those with energy monitors 
demonstrated a comprehensive understanding of their monitor, with the options for 
seven-day comparisons of kWh and tonnes of CO2 being completely unutilised. 
Additionally three monitors were placed out of sight or obstructed by objects at the 
time of the interview and a further two had been affected by the installation of solar 
panels, leading to incorrect readings. Despite this, many of the participants who had 
received the energy monitors claimed to have drawn benefit from the feedback at 
some point. This benefit however tended to reduce over time, often as tacit 
knowledge grew, leading to less interest, while in other cases the monitor 
malfunctioned.  
 
Almost all participants expressed a desire to receive more feedback on their 
electricity consumption, though very few participants were able to provide 
explanations about what form this improved feedback should take without being 
prompted. When prompted, static feedback mediums such as LCD screens located in 
a public space in the house (often the kitchen) were outlined as the most desirable. In 
terms of the type of feedback these displays should provide, appliance specificity, 
monthly usage comparisons and comparison to a suburb-average were the most 
popular. Interestingly, very few participants expressed a desire to receive 
comparisons to their neighbours or their street, instead desiring a comparison to a 
wider suburb or city average.  
 
5.5.1 Electricity consumption: Social or private 
In seeking personal accounts of sharing electricity information, we are interested in 
why, how, when and with whom people discuss a range of topics directly and 
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indirectly related to electricity consumption, including appliance purchase, usage, 
tips on energy efficiency, as well as aspects of the electricity bill itself.  
 
One of the key findings in this respect so far, has been the tendency for information 
related to appliances and tips on energy efficiency to be shared and discussed 
socially with friends; whereas aggregate measurements of consumption such as bills 
are more private, commonly discussed only amongst close family.  
 
Appliance purchase emerged as a social practice with many participants seeking 
information from friends or family regarding the purchases. Many of the 
interviewees also admitted to conversing about matters of energy efficiency with 
friends or neighbours, including the installation of their energy monitor. 
Conversations related to appliance usage and energy efficiency however tended to be 
in the context of everyday life rather than electricity consumption or operating cost.  
 
“My toaster blew up the other week....so there were three of us lady’s in the 
shop....stood there for about half an hour saying “ooh that’d be nice!” and it 
was mainly about colour and design and that”– (Interview 14).  
 
However, aggregate measurements of electricity consumption such as electricity bills 
were much more private. Only two participants admitted to discussing the amounts 
of their electricity bills with friends or neighbours. In one instance, the bills were 
discussed in relation to generation from solar panels, while in the other, the 
participant openly discussed bills and other money matters socially with her group of 
friends. Aside from these two exceptions, electricity bills seem far more likely to be 
discussed within the immediate family or between family members in different 
dwellings.  
 
Interestingly, suggestions of sharing electricity feedback information, both 
conversationally and online were also unpopular. Participants did not see value in 
comparing their own consumption to their friends’ or immediate neighbours’, nor 
were they willing to grant friends or neighbours access to their own consumption:  
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“...it’s my business. I’ll tell you if I want you to know but I won’t put it out 
there for the whole world to see” – (Interview 6).  
 
“I think that’s a bit invasive, I mean I think I’m pretty good with my usage, 
but I don’t want the lady across the road saying ‘Hey turn off your air con!’” 
– (Interview 12).  
 
Another tentative finding we make is the ability for sharing information to create 
frustration or foster misinformation. Four of our initial 14 interviews alluded to the 
fact that comparing bills with close friends or family had led them to become 
frustrated with their own bills, for instance:  
 
“We’ve got a sister who’s at home with two kids and they’ve got a pool, but 
their bill is less than ours and we’re thinking ‘Well how can that be?!?’” - 
(Interview 14).  
 
“They’ve got a similar bill to us, but she runs the air conditioning all the 
time... Something is very wrong with our power bill!” – (Interview 2).  
 
The frustration in these cases manifested itself as a distrust of their electricity utility, 
with some participants expressing concern over being ripped off or being “at their 
mercy”. In the absence of comprehensive electricity feedback or an energy audit of 
each dwelling in question, it is very difficult to prove or disprove these concerns. 
This highlights the potential for sharing information to in fact be counterproductive, 
potentially fostering unnecessary distrust or resentment.  
 
5.6 CONCLUSIONS AND IMPLICATIONS FOR RESEARCH 
This paper presents evidence suggesting that smart meters and interfaces for 
electricity feedback fall short of their potential to empower consumers due to a pre-
occupation with demand management limiting the scope of design. We have 
approached this issue from a design thinking perspective (Schön 1990); where we 
first attempt to better define aspects of the problem, rather than create solutions to an 
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assumed problem. We highlight the social sharing of electricity information as a 
potential means of expanding the scope for feedback and smart metering.  
 
Preliminary findings from our qualitative interviews suggest much scope for 
technology better connecting households with their electricity consumption and 
better informing consumption decisions. Many interviewees so far have had trouble 
reconciling their electricity consumption with their household appliances or everyday 
practice, which is consistent with Strengers (2008). Similarly, participants with the 
digital energy monitors installed appear to draw relatively limited benefit from them. 
The wish of many participants to receive feedback better relating their electricity 
consumption to specific appliances and everyday practice is consistent with research 
into desirable attributes of feedback (Karjalainen 2011).  
 
Sharing electricity information emerges as a compelling possibility for expanding the 
scope of design for electricity feedback and smart metering systems. Many 
participants in our research gained enjoyment and benefit from sharing various 
information with friends and neighbours in relation to appliance purchase, use and 
energy efficiency. On the other hand, our interview responses suggest that sharing 
electricity information could potentially be counter-productive if households are not 
well informed about their consumption, or if erroneous information is shared, for 
instance suspicions of overcharging by utilities.  
 
Recent literature accepts electricity consumption to be a social process within a home 
(Strengers 2008, Colley et al. 2010), but to what extent is it a private process outside 
the home? Our interview results suggest that aspects of electricity use are very 
private; that people may not feel comfortable sharing certain elements of their usage 
information such or instantaneous consumption data or dollar values. Current 
discussions of privacy in smart metering tend to focus on aspects of data access and 
security (Quinn 2009), whereas HCI argues for a more holistic understanding of 
privacy as embedded in social and cultural contexts (Dourish and Anderson 2006).  
 
We consider a key contribution of design in this field will be to ensure that providing 
adequate privacy is not conceptualised as a “barrier” to sharing electricity 
information. Effort should instead be spent determining the types of information 
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people are willing to share, benefit from sharing and thence designing feedback and 
smart metering systems that best facilitate these forms of sharing. Similarly pertinent 
here is the issue of trust: we consider the potential value of information sharing of 
this nature may be defined to some extent by perceptions of trust. Already during the 
interviews we have seen the emergence of a distrust (whether justified or not) of 
electricity utilities; an integral recipient of smart metered information. Further 
investigation is warranted into these social aspects of privacy and trust concerning 
electricity information and should form a focus for further HCI research on this 
subject.  
 
5.6.1 What comes next? An outline of our future research “in the wild”  
The aim of the next stage of our research is to further test the feasibility of socially 
sharing electricity information as a means of householder empowerment. This would 
precede an investigation of how feedback and smart metering systems can best be 
designed to facilitate this sharing. Our intervention is expected to take the form of an 
interactive sharing exercise between households; aiming to explore in practice what 
information people are willing to share and the contexts in which this sharing can 
occur. This next stage is envisaged to employ learnings from our workshop, 
interviews and from recent HCI work into technology deployment in the home 
(Tolmie and Crabtree 2008, Petkov et al. 2011).  
 
One idea is to measure the relative consumption of different appliances in 
participating households, with feedback being made available to all participants 
through an online web-interface, accessed through a laptop or tablet provided 
specifically for the study. This allows comparison with existing HCI literature on 
household experiences of electricity feedback (Riche et al. 2010, Strengers 2008) as 
well as contributing to work exploring how new technology is integrated into the 
home (Tolmie and Crabtree 2008). We would encourage households to share and 
discuss their appliance-usage information online with fellow participants and friends. 
Everyday practice emerges as a common link for this intervention: Participants thus 
far have desired feedback that relates their consumption to their everyday practices 
and appliances; they feel comfortable discussing appliance purchase in the context of 
everyday practice and most already communicate every day via social media.  
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Such an intervention would allow for observations into how people relate to different 
representations of their electricity consumption, the types information they share, 
when they share it, and with whom. We consider this sharing of appliance-based data 
might provide a useful comparison to Colley et al (2011), where participants upload 
their aggregate daily consumption figures to a neighbourhood-accessible website. 
Following conversation threads allows us important insight into how social aspects 
of privacy and trust play out amongst participants in the intervention.  
 
We hope that this small intervention may give us some understanding of the value of 
sharing electricity information and serve to inform subsequent work into how 
feedback and smart metering systems may be designed to better facilitate this 
sharing. However, being very much in the early stages of planning for this 
intervention at present, we warmly welcome all comments, suggestions and 
inspiration from the broader HCI community into our future research.  
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PREAMBLE 
Chapter 6 builds on a key issue that was identified with the sharing of energy 
consumption information in Chapter 5: privacy. Building on the findings of Chapter 
5 and addressing a specific knowledge gap raised in the literature (refer Section 
2.1.8); the purpose of Chapter 6 is to provide an explicit focus on privacy issues 
associated with energy use in the home and eco-feedback. In addressing Research 
Objectives O1, O3 and O4 (refer Section 1.2), this paper adopts a specifically 
human-centred approach to the study of privacy, exploring privacy as it relates to the 
collective information practices of receiving and sharing energy consumption-related 
information. The paper draws from a wide variety of qualitative data including 23 in-
depth interviews with Brisbane households (also the basis for Chapter 7), 35 semi-
structured interviews with Riverstone Crossing households and a further 12 follow-
up self-authored video interviews.  
 
Key findings of the paper are that eco-feedback has the potential to create privacy 
issues within the home due to different household activities becoming visible and 
potentially attributable; however, users are poorly positioned to anticipate these 
concerns prior to their occurrence. As such it is suggested that future privacy 
research in this area focuses on how privacy concerns emerge through lived 
experiences of prototypes. This is opposed to researchers attempting to gauge 
privacy in terms of ‘willingness to share’ or ‘privacy preferences’ hypothetically 
before users have had experience of the system in practice. Means of maintaining 
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privacy when sharing energy use information are discussed, namely, how the benefits 
of sharing energy use information may be realised whilst protecting user privacy.  
 
Initially, this paper was concerned with only the 23 Brisbane interviews. This yielded 
some interesting results in itself, but in retrospect, however, it was found that 
considering privacy only in terms of willingness to share information is limiting. The 
strength of this present iteration of the paper comes from integration of data 
documenting ‘lived experiences’ of eco-feedback, resultant the Riverstone Crossing 
dataset. The integration of this dataset served to strengthen the paper into its current 
iteration and led to one of the key findings of the paper, that householders are poorly 
placed to anticipate privacy concerns prior to their occurrence. This served to re-
emphasise the importance of researching the context of use as completely as possible 
in order to appreciate the relationships between people and technology (Randell and 
Rouncefield 2014). 
 
The paper is important in bolstering the contribution of this thesis, in that it 
represents (still to the best of our knowledge) the first HCI paper to focus specifically 
on privacy aspects associated with eco-feedback. 
 
ABSTRACT 
A new era of visible and sharable electricity information is emerging. Where eco-
feedback is installed, households can now visualise many aspects of their energy 
consumption and share this information with others through Internet platforms such 
as social media. Despite providing users with many affordances, eco-feedback 
information can make public previously private actions from within the intimate 
setting of the family home. This paper represents a study focussing specifically on 
the privacy aspects of nascent ways for viewing and sharing this new stream of 
personal information. It explores the nuances of privacy related to eco-feedback both 
within and beyond the family home. While electricity consumption information may 
not be considered private itself, the household practices which eco-feedback systems 
makes visible may be private. We show that breaches of privacy can occur in 
unexpected ways and have the potential to cause distress. The paper concludes with 
some suggestions for how to realise the benefits of sharing energy consumption 
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information whist effectively maintaining individuals’ conceptions of adequate 
privacy.   
AUTHOR KEYWORDS 
Eco-feedback; smart meters; privacy; security; social networking; collective 
information practices. 
 
ACM CLASSIFICATION KEYWORDS 
H5.3. Information interfaces and presentation 
 
 
6.1 INTRODUCTION 
Recent enhancements in home energy monitoring allow for household electricity 
usage information to be visualised and shared in real time. Many eco-feedback 
systems now facilitate the sharing of fine-grained electricity use information with 
separately located friends through online platforms and social media (Foster et al., 
2010, Petkov et al., 2011).  and share real-time usage information from the household 
and sub-household level has not previously existed in the history of suburban 
electrification. Thus, a new era of visible and sharable energy-use information has 
arrived. 
 
This new era provides a stark contrast to the widely held conceptualisation of 
electricity as a thoughtless, private and invisible entity (Faruqui et al., 2010). 
Traditionally, householders only received information about their electricity use 
upon the arrival of their unitemised quarterly bill, which provides no information 
regarding which appliances or which family members have contributed to the total. 
Unless the householder chooses to share the amount they pay for their electricity 
with others, much of a given family’s electricity consumption is invisible to people 
beyond the home. Thus, aside from matters concerning the periodic intrusion of the 
meter reader, it is not surprising that terms such as ‘privacy’ and ‘security’ have not 
been used in the same sentence as ‘electricity use’ in previous decades. This is no 
longer the case. 
 
The emerging standard of visible and sharable electricity consumption information 
empowers families with multiple avenues to measure, share, discuss and learn how to 
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better manage and reduce their usage (Grønhøj and Thøgersen 2011, Hargreaves et 
al., 2013). Yet on the other hand, analysis of a household’s real-time electricity 
consumption information can also provide considerable insight into many otherwise 
private household practices such as whether a family is home, awake or asleep, 
cooking, watching TV or whether an alarm system is activated (Efthymious and 
Kalogridis 2010, Quinn 2009). Disclosure of this information has the potential to 
compromise the privacy of the household, causing embarrassment or loss of security. 
This information stream which was previously of little concern to the householder, 
must now be managed according to decisions made and deemed appropriate by each 
family. As such, these nascent ways of receiving, disclosing and sharing electricity 
information give rise to privacy as a serious consideration (Quinn 2009, Rodden et 
al., 2013) and a priority for HCI designers (Froehlich et al., 2012). 
 
In this paper we look at privacy in relation to energy consumption information. This 
paper is (to the best of our knowledge) the first in the field of eco-feedback to focus 
specifically on privacy, rather than treating privacy as an observation or an 
afterthought (Erickson et al., 2013, Froehlich et al., 2012, Riche et al., 2010). We 
observe the ways in which energy consumption information is received, appropriated 
and shared within and beyond the family home; exploring what role privacy plays in 
facilitating, defining or limiting this sharing. We find that the new forms of energy-
use information provided by eco-feedback have the potential to give rise to privacy 
concerns, however these concerns may be managed with careful design. In our 
setting of Australia, where the key technologies that facilitate visible and sharable 
electricity information (namely eco-feedback and smart metering) are still far from 
ubiquitous, this research exploring organic practices of sharing in the relative 
absence of these technologies is ideally situated for informing future designs. 
 
6.2 LITERATURE REVIEW 
6.2.1 Defining the concept of privacy 
Privacy is an inherently difficult concept to define due to its broad and varied 
application. How it is construed and given meaning by people depends largely upon 
the context to which it is applied (Dourish and Anderson 2006, Radke et al., 2011). 
Traditionally, privacy has been considered as the right to maintain control over one’s 
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environment and information and to enjoy freedom from intrusion and 
embarrassment (Goodwin 1991). As such, privacy management in the past has been 
conceptualised as a series of rational choices about users deciding whether to 
disclose certain information based on the risks and benefits of that particular 
disclosure (Dourish and Anderson 2006, Iachello et al., 2005). 
 
HCI authors however argue for a more social and fluid reading of privacy than these 
rationality-based representations (Barkhuus 2012, Dourish and Anderson 2006).  
 
“As a dynamic process, privacy is understood to be under continuous 
negotiation and management” (Palen and Dourish 2003, pp.129).  
 
These more social readings of privacy examine the discourse as grounded in 
individual contexts, dynamic, and governed by changeable norms, values and 
practices (Dourish and Anderson 2006, Palen and Dourish 2003). In accepting 
privacy as a socially embedded concept, it is important that it is not viewed as a static 
entity, considering the extent to which social norms and patterns of use develop 
around new technology and change over time (Belotti and Sellen 1993). As a means 
of capturing its social and dynamic nature, Dourish and Anderson situate privacy 
within a broader framework of ‘collective information practices’:  
 
“The ways in which we collectively share, withhold, and manage 
information; how we interpret such acts of sharing, withholding and 
managing and how we strategically deploy them as part and parcel of 
everyday social interaction”, (Dourish and Anderson 2006, pp. 335). 
 
This reading contends that providing adequate privacy is less about regulating the 
flow of information and more about understanding how “social action is sustained 
and reproduced” through these flows (Dourish and Anderson 2006, pp.323). A 
fundamental finding of this line of work is the importance of paying attention to 
peoples’ evolving collective information practices and to match system design and 
development to support and these practices (Radke et al. 2011). 
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6.2.2 Privacy in the new era 
In relation to the new era of electricity information, the discussion of privacy in the 
literature tends to focus on the two technologies that give rise to electricity as a 
visible and sharable stream of personal information: smart meters and eco-feedback.  
 
Smart meters represent replacements for the traditional household electricity meters 
which automatically transmit consumption data to the energy utility at pre-set 
intervals. As a result of this automated transmission of potentially sensitive data off-
site, a considerable body of privacy and security literature is directed at smart meter 
information distribution and access protocols, data transmission, encryption and 
communications security Efthymious and Kalogridis 2010, Quinn 2009). However, 
being more interested in the social context of privacy and in the visualisation of 
energy, we limit our focus in this paper to eco-feedback.  
 
Eco-feedback typically consists of the measurement of electricity usage from one or 
more circuits or appliances in a given house, with information accessed via a 
computer or tablet, or fed back to a situated display within the home (Foster et al., 
2010, Froehlich et al., 2012, Hargreaves et al., 2013). While eco-feedback has 
enjoyed considerable attention from HCI researchers over recent years (Faruqui et 
al., 2010, Froehlich et al., 2010, 2012, Hargreaves et al., 2013, Grønhøj and 
Thøgersen 2011, Petkov et al., 2011, Schwartz et al., 2013), much of the enquiry is 
aimed at testing its ability to facilitate behaviour change (Faruqui et al., 2010, 
Froehlich et al., 2010) and better engage people with their energy consumption 
(Grønhøj and Thøgersen 2011, Hargreaves et al., 2013). Privacy does not represent a 
central line of enquiry in these studies. Where privacy is mentioned, it is generally 
examined in the context of ‘considerations’ or ‘challenges’ as opposed to a starting 
point for analysis. As such, privacy in the design of eco-feedback has been 
highlighted as a specific knowledge gap in HCI research (Froehlich et al., 2012) and 
one that this paper seeks to address directly. 
 
6.2.3 Eco-feedback- privacy within and beyond the home 
Two settings in which eco-feedback may be a potential source of privacy concern, 
are: (1) within the home (for instance one family members’ activities being made 
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visible to other family members) and (2) beyond the home (for instance privacy 
concerns around personal information being becoming public. 
 
Privacy relating to eco-feedback within the home 
The family home is described as a private and intimate setting, comprised of 
connected yet heterogeneous stakeholders “who may have competing priorities and 
different tolerances for what is acceptable and useful” (Choe et al. 2011, pp.1). The 
introduction of a new technology such as eco-feedback into a family constitutes a 
“breach” of the order of the home and something that will be used and appropriated 
in different and potentially conflicting ways by different household members 
(Tolmie and Crabtree 2008, Hargreaves et al. 2013).  
 
Past privacy research on eco-feedback in the home has generally involved a focus on 
prototypes rather than actual lived experiences with eco-feedback (Grønhøj and 
Thøgersen 2011). Froehlich et al., (2012) investigated participants’ attitudes towards 
different potential eco-feedback visualisation options for household water use, 
including a “per occupant” visualisation option. Findings suggest that the manner in 
which the information is displayed affects perceptions of privacy, with most privacy 
concerns among participants directed at their intentionally provocative “per occupant 
display”. In a separate study, Riche et al., (2010) ran participatory design activities in 
order to explore the design requirements for always-on eco-feedback and enquired 
about participants’ privacy concerns. Although privacy emerged as less of a concern 
for participants compared to aesthetics, access to information and display readability, 
it was found that the positioning of the screen could potentially represent a privacy 
concern on account of the household’s energy consumption information being made 
available to visitors.  
 
Two commonalities exist among these studies: Firstly, all utilise ‘participants’ as the 
focus of analysis, rather than the family as a whole. Whole-of-family approaches to 
privacy or eco-feedback, where the opinion of all family members is sought are 
uncommon, despite the family-situated nature of eco-feedback (Grønhøj and 
Thøgersen 2011, Strengers 2013). Secondly, both studies questioned participants, 
somewhat hypothetically, about their privacy preferences in the absence of a working 
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prototype, as opposed to observing the lived experiences of privacy associated with a 
given technology deployment in the home. Such findings are questioned by 
Barkhuus (2012) who argue that approaching privacy simply in terms of when or 
with whom people are willing to share information does little to uncover the nuanced 
and contextualised nature of privacy in practice. Privacy implications of such 
research, therefore, are difficult to generalise beyond the context of the specific study 
(Barkhuus 2012). As such, in this paper we focus on privacy as it occurs through 
lived experiences. 
 
Privacy relating to the sharing of eco-feedback information beyond the home 
Recent HCI work broadens the study of eco-feedback to arenas beyond the home; 
investigating the sharing of energy related information online and through social 
media such as Facebook (Foster et al., 2010, Mankoff et al., 2010, Petkov et al., 
2011). Regarding the collective information practices of social media disclosure 
more broadly, Waters and Ackerman (2011) examined the practices of sharing 
content on Facebook. This study found that users almost always chose to self-censor 
the content they shared on Facebook such that their posts were acceptable to their 
entire network of friends, rather than utilising privacy settings to in order to share 
content only with certain friends or groups of friends. 
 
In relation to energy consumption, Mankoff et al., (2010) undertook a study of 
sharing energy consumption information over social media. They state several 
participants raised privacy issues, regarding their friends’ capacity to view certain 
electricity consumption-related actions associated with their profile. Here raw 
electricity consumption amounts were not shared, only “actions” that could reduce 
consumption, suggesting that consumption aggregates may be less private in nature 
than the actions that contribute towards them. In two further studies involving 
sharing energy-related information online (Foster et al., 2010, Petkov et al., 2011), 
while privacy was mentioned, it did not represent a concern for participants beyond 
embarrassment: “the risk of failure in front of your friends” Foster et al., 2010, pp.4). 
Notably, however, participants in these studies were either known to each other 
(Foster et al., 2010) or were young “technology savvy” males (Petkov et al., 2011) 
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and both papers focused on the information sharing as a source of motivation and 
competition rather than privacy itself.  
 
Attempts by researchers to facilitate sharing eco-feedback information between 
strangers, or through alternative communication channels, have not been as 
successful (Erickson et al., 2013). These authors report that the “chat” function of 
their non-competitive autonomous eco-feedback trial was hardly used. Interestingly, 
this was despite 54% of their participants saying they had discussed their electricity 
use with other people during the trial; indicating the sharing instead occurred along 
friends or family lines. 
 
6.2.4 Knowledge gap and design intention  
In summary, it can be seen that while privacy has not generally been conceptualised 
as a concern in the context of eco-feedback information, it is also apparent that few 
eco-feedback studies attempt to unpack issues of privacy in great depth. Furthermore, 
where findings regarding privacy are made, they are not always easily transferrable 
beyond the context of the given study or prototype (Barkhuus 2012)  
 
The aim of this paper is to provide design inspiration for future eco-feedback 
platforms and research through observation of how privacy emerges through the 
sharing of eco-feedback information both within and beyond the family home. We 
distil our findings into a list of four suggestions for how design may best enable 
people to take advantage of the benefits of sharing energy-related information 
without compromising privacy. 
 
6.3 METHOD 
Following previous design research into eco-feedback in the wild (Erickson et al., 
2013, Grønhøj and Thøgersen 2011, Schwartz et al., 2013), we conducted two 
separate qualitative studies involving 58 households in total. The methodology 
different slightly between the two study groups, however, both involved a mixture of 
qualitative interviews and video. The two studies are explained in more detail below. 
An aim common to both studies was to explore the ways in which privacy emerges 
Chapter 6: Privacy in the New Era of Visible and Sharable Energy-Use Information 109 
 110 
through collective information practices. As such, we focused more on understanding 
the ways in which energy was consumed as a normative and social process in the 
home (Strengers 2008, Strengers 2013). Throughout the process we learned to avoid 
presenting participants with hypothetical or ‘willingness to share’ scenarios, looking 
instead at lived experiences of eco-feedback and how privacy emerged through these 
lived experiences. 
 
6.3.1 Study Group 1 
Study Group 1 (SG1) was comprised of representatives from 23 households from 
five suburbs of Brisbane, Australia. Participants were sourced through a mixture of 
recruitment by a local community member, letterbox dropping and third party 
contacts. Of the 23 participants, the majority were females (n=18), owned their house 
(n=17), were married or in a de facto relationship (n=20) had children living at home 
(n=18) and were in their 30’s or 40’s (n=16). Notably, 18 of the 23 SG1 households 
were in possession of a simple energy monitor, obtained as part of a subsidised 
government sustainability initiative. Most of these had been installed for at least 12 
months at the time of the interviews (see Figure 6-1: Energy monitors fitted in: 18 
of the 23 SG1 households (left); and in the 35 SG2 households (right)) 
 
 
Figure 6-1: Energy monitors fitted in: 18 of the 23 SG1 households (left); and in 
the 35 SG2 households (right) 
 
The methodology for SG1 involved qualitative semi-structured interviews of 
approximately 60 minutes in length with one or more representatives from all 
households. In all but three cases the interviews began with a short video recorded 
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‘tour’ of the house in order to gain insight into electricity use in the home. Inspired 
by Ylirisku and Buur (2007), video was used as a tool for capturing and analysing 
the “mundane” everyday interactions with appliances which can be valuable in 
understanding the social context of electricity consumption. Interviews were 
designed to solicit information related to: (1) what feedback the participant received 
on their electricity consumption- whether it was helpful and what it was used for; (2) 
the factors impacting the decision-making process behind the purchase of major 
appliances, and; (3) if, when, why and how information related to electricity 
consumption was shared with others. Despite privacy not being an initial focus of the 
SG1 interviews, responses from participants quickly prompted the inclusion of 
privacy-related questions. 
 
6.3.2 Study Group 2 
The second study group (SG2) were representatives from 35 households who had 
opted to take part in a 12 month trial of a wall-mounted eco-feedback display. The 
methodology for SG2 involved pre-install interviews with all 35 households, 
followed by a self-authored video exercise approximately six months after the 
installation of the eco-feedback systems. All 35 SG2 participants lived within a new 
housing development located 63km south of Brisbane in the Gold Coast hinterland. 
Each participant owned their own home and lived in houses that were less than 10 
years old. Participants were predominantly between 25-44 years old (n=25), were 
married or de facto (n=33) and had children living at home (n=29).  
 
 
Interviews  
Interviews lasted approximately 20-30 minutes and were conducted at the same time 
as a pre-install wiring assessment by the installers. Thus at the time of the interview, 
all SG2 participants were aware that their soon-to-be installed eco-feedback systems 
would provide them with detailed visual information on their electricity consumption 
via a 7 inch wall-mounted tablet display (see Figure 1, right). Participants were also 
aware that the eco-feedback unit would periodically send de-identified consumption 
data to a server accessible to the installation company. Participants were asked about 
their motivations for participating in the trial, who they shared energy consumption 
information with, their children’s attitudes to electricity use (if applicable), why they 
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chose the exact position for their Ecosphere unit and whether privacy played a role in 
this choice. Specific privacy-related questions included: whether electricity 
consumption was private information to them and whether they minded having their 
de-identified electricity consumption totals made visible on a screen in the sales 
centre in the community (as was the original plan for the eco-feedback trial).   
 
Self-authored video 
The self-authored video deployment took place with a sub-section of the original 
SG2 participants approximately six months following the installation of the eco-
feedback systems. Small portable video cameras were deployed to 12 of the 35 SG2 
households with instruction for all family members to answer five questions related 
to the use of their eco-feedback system. This method of inviting families to self-
author their own videos proved useful in: (1) developing a longitudinal picture of 
eco-feedback use, (2) including the whole family (rather than one representative of 
that family) in the design process, and; (3) exploring the intimate setting of the 
family home through the eyes of the families themselves, without the intrusion or 
presence of researchers (Ylirisku and Buur 2007). 
6.3.3 Analysis 
Interviews were transcribed verbatim from the audio and from the videos. We 
utilised an iterative thematic approach to analysis according to Liamputtong and 
Ezzy (2005), where transcripts were read and re-read, with data coded into emergent 
themes and later into sub-themes and categories. Following this process, the self-
authored videos were viewed by the whole research team with different scenes or 
“moments” selected and then discussed and categorised into both existing themes 
from the interview thematic analysis and alternative themes where appropriate. 
 
6.4 RESULTS 
This section provides an overview of the uncommon and unexpected ways in which 
privacy concerns arose in relation to energy use. Privacy on the whole was not 
conceptualised as a major concern among the large sample. However where privacy 
breaches did occur, they did so in varied and unexpected ways that were difficult to 
anticipate and involved undesirable consequences for those affected. The relationship 
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between privacy and electricity use was found to be bi-directional, with electricity 
use giving rise to privacy concerns, as well as existing privacy concerns affecting 
electricity use. Underscored throughout the interviews was the role that the home 
played as a physical boundary between public and private information; between 
controlled and uncontrolled. As such we present our findings along the two central 
themes of Home and Beyond, namely: (1) privacy related to energy use within the 
home and (2) privacy related to energy use beyond the home. Our focus is on how, 
when and why people share information related to electricity and the ways in which 
sharing information may lead to breaches of privacy. 
 
6.4.1 Home and Beyond: privacy related to energy use information within in the 
home 
The stage for much of a family’s energy consumption, the home, is an intimate and 
private entity (Choe et al., 2011). This was underscored early on in the interview 
process in several ways prior to any mention of electricity consumption. For 
example, many participants in Study Group 1 (SG1) and several in Study Group 2 
(SG2) apologised for the messiness of their home as we were shown in. Our initial 
treatment of video in the ‘tour’ of the home of the SG1interviews had to be 
reconfigured to close-ups only, after two of the initial four participants expressed 
unease at themselves or parts of their home being filmed.  
 
An example emerged of energy consumption information giving rise to privacy 
concerns within the family home: As part of her self-authored video, a university-
aged daughter of SG2P7 highlighted how her family’s eco-feedback system had 
caused her previously private actions to become visible to her parents: 
 
“I don’t really seem to be that fond of it [the eco-feedback] because it picks 
up when I put the air conditioning on, every second of every day, which Dad 
and Mum then come home to see what’s been going on and they can 
obviously very clearly see when I’ve used the air con” (Daughter, SG2P7) 
 
In this family, the energy-conscious father enjoyed being able to better attribute 
energy use and “educate the rest of the family” (Father, SG2P7). For the daughter, 
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however, her parents’ ability to analyse and comment on her air conditioning use had 
come as an unexpected and bothersome side effect of the eco-feedback; a system she 
cared little for, nor used regularly. This highlights the differing conceptions of 
privacy between family members; what was a useful analytical tool for the father, 
was an unwelcome breach of privacy for his daughter. This also demonstrates the 
value in examining privacy through lived experience, as it is unlikely this daughter 
could have foreseen the potential privacy breach prior to the install of the eco-
feedback.  
 
Eco-feedback in the home- showing it off  
Most participants were unconcerned about the display of their electricity 
consumption information in a highly trafficked area of their home. In SG2, 29 of the 
35 participants were questioned about whether they minded their soon-to-be installed 
eco-feedback display presenting their electricity consumption information to the rest 
of their household and to visitors. None of these participants were concerned, with 
several saying it would be quite the opposite; a “conversation starter” or something 
to “show off”: 
 
“When we had our eco-system installed we had it installed centrally located 
to the front door, so it captivates the visitor’s eye as they come on in and we 
explain the system to them. They’re pretty impressed that it can read the 
power sources. We give them a little bit of a demonstration” (Wife of 
SG2P13- self-authored video) 
 
This comment illustrates that the ability to show off the display to visitors 
represented a priority in the positioning of the eco-feedback system, in the apparent 
absence of concern over the information it would broadcast.  
 
In SG1, 18 of the 23 participants owned a much simpler wireless energy monitor 
when compared to the more comprehensive ‘Ecosphere’ installed in SG2 (refer 
Figure 1 above). This ‘cent-a-meter’ style monitor owned by the SG1 participants 
provided only aggregate household electricity consumption information on a digital 
display, with none of the data logged or shared. SG1 participants were not asked 
specifically about privacy aspects associated with their monitors, however when this 
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topic did arise in conversations, participants were unconcerned about their electricity 
consumption being made visible to the house. However, to what extent this lack of 
concern was a product of the widespread difficulty we observed with participants 
making sense of the readings provided by these simple digital monitors is unclear. 
For this reason, although on face value it appears that privacy is not an issue within 
the home for owners of simple energy monitors, we hesitate in asserting this too 
strongly and suggest instead that further research is necessary into the relationship 
between privacy and energy literacy. 
 
6.4.2 Home and Beyond: privacy related to energy use information beyond the 
home  
In studying privacy associated with energy-use information beyond the home, we 
look at whether and how electricity information is shared between friends and 
neighbours. Of particular interest to this research was the fact that neither of the eco-
feedback devices installed by our SG1 and SG2 participants offered a built-in 
mechanism for socially sharing electricity information, like those of (Erickson et al., 
2013, Mankoff et al., 2010, Petkov et al., 2011). This provides an opportunity to 
observe what (if any) energy-related information people choose to share themselves 
organically in the context of their everyday interactions, as opposed to when the 
sharing is prescribed by an eco-feedback intervention. This allows consideration of 
how eco-feedback design may best support these organic collective information 
practices. We split our findings here into: (1) how people shared energy-use 
information unrelated to their eco-feedback such as bills and appliances; (2) how 
people shared information related to their eco-feedback itself; and (3) how privacy 
breaches related to energy information occurred beyond the home.  
 
Sharing energy information unrelated to eco-feedback beyond the home  
Participants from SG1 and SG2 were asked whether and with whom they shared 
information and anecdotes related to their electricity bill. Almost all participants 
from both groups mentioned they routinely discussed their electricity bill with their 
husband or wife. However, a lower number (61% of SG1 participants and 71% of 
SG2 participants) at least occasionally shared the amount they paid for electricity 
with others outside of the home. The purpose of sharing with friends or neighbours 
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generally represented a means of comparison, particularly if they had an 
unexpectedly high bill.  
 
“Yeah I guess I wouldn’t want people to know how much the bill cost, but I 
wouldn’t mind them knowing around about how much energy we use. I 
suppose they could go to the trouble of working it out themselves, but it’s just 
one step removed” (Wife, SG1P15) 
 
Interestingly, this was not the case for her husband, who on overhearing the 
conversation mentioned “I’ve got no problems with it at all. None at all”. Although 
electricity bill information was not always shared with others outside the home, 
many participants enthusiastically discussed their electrical appliances without 
inhibition. Where appliances were discussed, it was not their energy consumption 
that was important, but their functionality, aesthetic appeal and others people’s 
experiences of them. These types of conversations typically arose shortly before or 
after the purchase of a new appliance. 
 
“If we see them (friends) on the weekend we might talk about appliances, but 
not about energy. Like that glass kettle, (husband) bought it for me for my 
birthday... It’s very exciting because you can see the water boiling” (SG1P7) 
 
“There were three of us ladies in (the shop) and we were all looking at the 
same ones ‘cos Delonghi have brought out a new range (of toasters), so three 
of us stood there for about half hour saying “ooh that’d be nice” and it was 
mainly about colour and design and that” (SG1P14) 
 
These comments highlight both the ease and enjoyment obtained through sharing 
information about appliances and the implicit disconnect between appliances as 
functional and fun objects and their role as individual contributors to an 
unexplainably high electricity bill.  
 
Face-to-face conversations were by far the most common means of socially sharing 
this type of information. However, some participants in SG1 also noted they would 
occasionally share information related to electricity such as issues concerning 
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electricity utilities or bills through a community Facebook group which they were 
members of. This Facebook group was specific to the area in which 18 of the 23 SG1 
participants lived. While participants noted that electricity issues did not often form a 
central point of discussion in this group, of most interest to us as researchers was the 
amount of trust placed in the online community by its users. Privacy concerns did not 
surface during discussions around this Facebook group and people accessed it as part 
of their everyday Facebook use. This type of community Facebook page does not 
currently exist for SG2 participants and social media was not identified as a medium 
for sharing information related to energy consumption by anyone from SG2.  
 
Sharing information related to eco-feedback beyond the home  
We asked SG1 participants about their attitudes towards sharing real-time electricity 
consumption information online as part of a social media-based consumption 
comparison tool, which we aim to later pilot as a design intervention. From answers 
to this question, it became apparent to us the highly contextual nature of privacy and 
thus the importance of examining lived experiences rather than asking (as we had 
ourselves in this case) more hypothetical “what if” questions of participants. Thus 
unsurprisingly, participants lacked confidence in their responses, which were 
tempered by a number of factors related to the context of the sharing. These factors 
included control over whether the data was anonymous or attributable, who had 
access to the data, what software or social network their data would be shared on and 
what communications infrastructure was utilised. Responses also highlighted the 
difficulty experienced by participants in answering questions about a scenario they 
had not yet experienced: 
 
“I don’t know how I’d use that information. Knowing that Joe Bloggs or 
whoever is similar to us, knowing that their washing machine uses less 
electricity... I would find it hard to consolidate that information into 
something useful” (SG1P16) 
 
This finding provides further support for the argument that privacy is best 
approached through the study of lived experience as opposed to temporally static 
preferences or asking questions around willingness to share.  
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During the SG2 self-authored video exercise which was conducted several months 
following the SG2 eco-feedback installs, little evidence emerged of families sharing 
the information provided to them by their eco-feedback beyond the family home. 
Exceptions to this were instances of participants explaining the system to interested 
visitors, friends or colleagues when it came up in conversation. Responses suggested 
that sharing information related to the eco-feedback systems generally mirrored that 
of sharing information related to other household appliances. Namely, that the eco-
feedback may come up in conversations in the context of everyday life, explaining 
what their new toy did to friends and how useful it was, but no SG2 participant 
mentioned sharing or comparing actual readings from their eco-feedback with others.  
 
Privacy breaches beyond the family home  
The complex nature of privacy in relation to energy consumption was underscored 
by the rare but significant breaches of privacy which occurred beyond the walls of 
the family home. Not only did energy consumption information give rise to a breach 
of privacy, but in a separate instance, a pre-existing privacy concern was found to 
affect a families’ energy consumption itself.  
 
One participant from Group 1 spoke of the distress her friend Kay (name changed) 
had experienced due to a loss of control over her electricity information data. In this 
case, Kay’s husband had improvised a system such that he could monitor the 
household electricity consumption real time from his computer at work.  
 
“So he monitors it all on his thing (computer) and it drives her insane! So she 
thinks it’s dreadful, she feels violated all the time, cos’ his workmates will be 
walking past his desk. One even called her one day saying ‘Wow Kay, your 
power is going through the roof!’”- (SG1P14)  
 
While this story was told with humour, the example underscores the consequences of 
an inadvertent loss of control of information once it leaves the home and the 
multitude of factors affecting the severity of the breach. Kay may have been 
comfortable with only her husband accessing their house’s electricity consumption, 
but not his colleagues. Similarly, the violation may be exacerbated for Kay because 
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at that time (during working hours), all of the house’s energy use was attributable to 
her, being the only adult at home with young children.  
 
In another instance, rather than the visualisation of energy use giving rise to privacy 
concerns, a pre-existing privacy concern impacted upon the energy use of a family. 
In this instance, a participant preferred to dry clothes mechanically indoors, rather 
than on the washing line outdoors:  
 
“Yes we do have a washing line out there, but it’s..... I don’t like the next 
door neighbours seeing our clothes. If it was out the back I guess I wouldn’t 
care but because it’s near the front. I don’t like it.”- (SG1P18)  
 
In this example it was not the energy consumption information itself which affected 
privacy. Rather, a pre-existing privacy concern over neighbours seeing her clothes 
can be seen to affect the families’ energy use through an increased reliance on 
mechanical clothes drying. 
6.5 DISCUSSION 
Our findings provide a snapshot of how information related to electricity is 
conceptualised and shared as part of everyday practice and how privacy emerges 
through these practices and lived experiences. On the whole, privacy was not 
generally conceptualised as a major issue concerning energy-use information among 
our participants. However, where privacy breaches did occur, they were found to be 
unexpected and upsetting. We do not expect the breaches we observed to be widely 
replicated, or generalisable, rather, our intention is to use these findings to highlight 
the varied, unexpected and potentially distressing nature of privacy breaches in this 
context and thus the imperative of careful consideration by designers.  
 
Furthermore, based on the findings, we contend that people are poorly placed to 
anticipate potential privacy concerns before they occur. The fact that people are 
generally unconcerned about privacy in relation to their energy consumption may 
exacerbate this and make people even less likely to anticipate potential breaches 
before they happen. Energy consumption information is not often considered private 
unless it exposes actions or patterns of living that are considered private by specific 
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users. This underscores the highly nuanced nature of privacy in practice and provides 
support to authors such as Barkhuus (2012) who suggests that approaching privacy in 
terms of when and with whom people are willing to share information is of limited 
use in uncovering these nuances.  
 
This research also found that sharing energy-related information among friends in a 
trusted environment represented a source of learning and enjoyment among 
participants. This exemplifies a promising case for design in this setting, namely, 
how can design best realise the benefits of sharing energy-related information 
without compromising the heterogeneous privacy expectations of users? We use the 
remainder of this section to outline four design suggestions to this end, based on 
findings from this study and those in the literature, continuing with the themes of 
within and beyond the home. 
6.5.1 Design Suggestion 1: Within the home- A whole of family approach to 
privacy 
We suggest that eco-feedback research may benefit from re-framing the focus of 
investigations from single ‘participants’ to whole families. A family’s electricity 
consumption is made up of the combined actions of multiple family members, each 
with different habits, attitudes, routines, peculiarities and conceptions of adequate 
privacy (Strengers 2013). However, much privacy (Choe et al., 2011, Iachello et al., 
2005) and eco-feedback Faruqui et al., 2010, Mankoff et al., 2010, Petkov et al., 
2011) research focuses on individual participants (most often, the primary user of the 
technology) rather than attempting to integrate all the members of a family into 
research (Grønhøj and Thøgersen 2011, Strengers 2013). Our findings suggest that 
attitudes towards electricity use differ between individuals within a given family, for 
example SG1P15 considering the amount they paid for electricity to be private, while 
her husband couldn’t care less. Furthermore, what is considered private information 
to one family member (for example air-conditioning usage for the daughter in 
SG2P7) may not be private and may in fact be very useful information for another 
family member. The influence of existing family dynamics on these conceptions of 
privacy is important, as the air conditioning usage information would not be a 
privacy concern to the daughter, if her father did not use the eco-feedback for the 
purpose of checking up on her. As such, many nuances of eco-feedback privacy in 
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the family home may be much less likely to be picked up by researchers if only one 
family member participates.  
 
For this reason we suggest that a priority for privacy research in the family home and 
eco-feedback research more generally, is to re-focus design research on all family 
members rather than single ‘participants’. Our methodology of self-authored video 
interviews represents one potential means of achieving this.  
 
6.5.2 Design Implication 2: Within the home- Exploring privacy through lived 
experiences 
Privacy is a highly personal and contextual construct (Barkhuus 2012). Our findings 
suggest that people are poorly positioned to anticipate potential privacy concerns 
prior to their occurrence or without lived experience of a system. Kay (quoted 
above), for example, would have been unlikely to anticipate that the arrangement 
with her husband’s remote access to the electricity consumption of the house would 
result in his colleagues being able to identify and comment on her in-home activities. 
It is also unlikely that the daughter of SG2P7 could have anticipated prior to the 
installation, that the eco-feedback system could be used by her parents to identify 
exactly when she had used the air conditioning when home alone.  
 
For this reason we advocate that future eco-feedback privacy research focuses on 
lived experiences of families with eco-feedback as opposed to questioning users’ 
hypothetical willingness to share in the absence of an eco-feedback installation. This 
recommendation is in line with privacy literature in HCI which outlines the 
importance of moving away from the conceptualisation of privacy as a temporally 
static construct (Barkhuus 2012, Dourish and Anderson 2006, Palen and Dourish 
2003). More specifically we suggest that future work in the area looks closer at 
whether and how family members might attempt to hide their own consumption, or 
uncover their other family members’ energy consumption and how this influences 
family dynamics. For example, will parents look back after a night’s sleep and see if 
their children turned on the air conditioning when it’s not hot enough? Or used their 
computers overnight when they should be sleeping? Conversely, will children 
attempt to hide this type of consumption from their parents or siblings, perhaps by 
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running their laptop on battery power after the time at which they are supposed to be 
in bed? While we have provided some preliminary evidence for these types of inter-
family ‘monitoring’, exploring eco-feedback privacy within the home through lived 
experience in this way is an area deserving of much future research. 
6.5.3 Design Implication 3: Beyond the home- Encouraging information sharing 
while maintaining privacy- “packets” of data  
Sharing energy-related information beyond the home represented a useful means of 
sharing experiences, normative comparison and social contact for many of our 
participants. The fact that our participants reported gaining benefit from sharing 
information related to bills and appliances implies a potential to empower users in 
their consumption choices through sharing their energy information. This type of 
sharing in the literature has been linked to user engagement, empowerment and 
positive energy saving results, particularly when eco-feedback is tied to social media 
(Darby 2006, Foster et al., 2010, Petkov et al., 2011). As such, we advocate the 
promotion of sharing energy-related information through the existing channels of 
communication such as social media to best mirror the collective information 
practices that we observed organically, in the absence of eco-feedback. Social media 
has been utilised as a platform for sharing eco-feedback information in the past 
(Foster et al., 2010, Mankoff et al., 2010) and is one that many of our participants 
and those in other studies (Foster et al., 2010, Petkov et al., 2011, Waters and 
Ackerman 2011) were comfortable using as an everyday communication tool.  
 
However, notwithstanding the considerable benefits offered by sharing electricity 
information online and despite the fact that users of social media in our sample 
generally appeared to trust the platform, sharing over social media still implies a 
much lesser degree of control over access once it is shared compared to other forms 
of communication (Waters and Ackerman 2011). The importance of maintaining 
adequate privacy in sharing transactions is underscored by the potentially distressing 
consequences of a privacy breach in this context; for example Kay feeling violated 
after her husband’s colleagues accessed her energy-use information and telephoned 
her. The challenge for designers here is realising the benefits of sharing electricity-
related information whilst allowing users the ability to maintain a standard of privacy 
acceptable to them.  
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One means of doing this might be to encourage users to modify the content of the 
energy information they share such that they are comfortable with it reaching a wider 
audience. Research suggests that collective information practices regarding privacy 
on social media involves users choosing to censor the content of the posts that they 
share with everyone, rather than using privacy settings to restrict which friends they 
share a given post with (Waters and Ackerman 2011). As such, we believe that 
encouraging people to maintain control over their eco-feedback information by 
means of limiting who they do or do not share with, may be of little benefit. Instead, 
design effort may be better spent on affording people the means to censor their 
information to a form or granularity such that they are comfortable sharing it with 
anyone. This includes design ensuring that eco-feedback systems provide 
information that is malleable enough to be disaggregated or organised into 
appropriately detailed “packets” of data by users and informing users how and why 
this may be done. As an example, someone wanting to know whether their 
refrigerator is running efficiently need only share consumption data specific to the 
power circuit to which the fridge is connected and only perhaps 6 - 12 hours’ worth 
of data. Thus rather than providing others with access to their entire electricity data at 
the potential expense of privacy, users should be better able to choose which aspects 
of their data they disclose to whom; increasing control and potentially willingness to 
share.  
 
Encouraging users to think in terms of “packets” of data may also serve to bypass 
some of the concerns that some participants voiced about sharing dollar values 
related to their electricity bills with friends face-to-face. For example, sharing 
information such as the amount of money spent on interior lighting over one week 
may be more acceptable to disclose among friends than the total dollar value of their 
quarterly electricity bill. Providing users with this affordance may serve to bypass 
embarrassment and inspire enquiry and discussion. This approach applies not only to 
sharing socially with friends, but to a wide variety of information sharing 
transactions with third parties such as energy utilities or private businesses which are 
considered likely to become far more commonplace in the new era of visible and 
sharable electricity information (Quinn 2009, Rodden et al., 2013). 
 
Chapter 6: Privacy in the New Era of Visible and Sharable Energy-Use Information 123 
 124 
6.5.4 Design Implication 4: Turning it upside down- the effect of privacy on 
energy use 
Finally, where privacy is mentioned in the literature in relation to energy use, it is 
likely to be in the context of how the attribution or distribution of energy-use 
information may lead to privacy concerns (Froehlich et al., 2012, Quinn 2009). We 
are not yet aware, however, of research on the ways in which pre-existing privacy 
concerns may affect energy consumption in the home. Our findings suggest the 
relationship between privacy and energy consumption may be bi-directional, i.e. not 
only can energy consumption information give rise to privacy concerns, but existing 
privacy concerns may affect how energy is used. An example of this was G1P18 who 
chose to dry her laundry mechanically indoors rather than allowing the neighbours to 
see her families’ clothes on the washing line outdoors. This existing concern 
unrelated to electricity was considered likely to affect her energy bill due to the 
resultant reliance on mechanical clothes drying. This underscores the importance of 
taking a holistic view of privacy in the context of collective information practices 
(Barkhuus 2012, Dourish and Anderson 2006, Palen and Dourish 2003). As such, we 
suggest that further research is warranted into whether and how existing privacy 
concerns tied to everyday practices impact upon a families’ energy consumption. 
6.6 CONCLUSION 
This paper presents an outline of the privacy issues specific to eco-feedback installed 
in the family home. While privacy was not generally conceptualised by participants 
as a major consideration, our findings highlight firstly; the unexpected and varied 
ways in which privacy concerns can arise, and secondly; the low likelihood of these 
being anticipated by users. This underscores the merit in approaching privacy as 
complex contextual concept and thus the importance of a holistic approach to the 
study, utilising lived experiences of whole families. Rather than an afterthought or 
observation, this study advocates the inclusion and exploration of privacy 
considerations from the outset of the design process.  
 
Sharing eco-feedback information through existing communication channels such as 
social media shows promise as a means of engaging users and better informing 
consumption decisions, but only provided privacy and control are adequately 
maintained. Based on existing collective information practices around social media, 
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we advocate one means of achieving this may be encouraging users to disaggregate 
and censor what data that they share, rather than who they share it with.  
 
This paper has outlined some suggestions for privacy in design in what is an exciting 
and nascent field of enquiry. These suggestions recognise that people often live in 
households and that practices within households are idiosyncratic. Privacy concerns 
relate to individual and household practices and future research needs to explore how 
to support effective awareness and choice regarding energy consumption while 
supporting privacy in relation to practices, where this is desired. 
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PREAMBLE 
While Chapter 6 expanded the scope of eco-feedback enquiry towards the knowledge 
gap of privacy in relation to energy use information, Chapter 7 extends enquiry in a 
related yet different direction; exploring another important knowledge gap identified 
in the literature. Taking a human-centred approach, Chapter 7 explores how 
householders engage with eco-feedback over longer time scales. This paper 
addresses the Research Objectives O1 and O2 (refer Section 1.2) by firstly focusing 
on energy consumption as it occurs as a result of family practices and secondly, the 
specific intention of the paper to devote equal attention to how and why eco-
feedback is not used, as well as how and why it is used.  
 
Based on 23 interviews with Brisbane residents where 18 participants had simple 
energy monitors installed, the findings suggest that while simple energy monitors 
provide interest and engagement initially, they become backgrounded and forgotten 
about over time after the initial novelty has worn off. The chapter provides 
suggestions for how to best retain engagement in the long term. One of these 
suggestions is to supplement the information provided by the eco-feedback with less 
frequent forms of usage information such as two-weekly consumption bulletins 
received via email or post in a similar format to the existing paper bills.  
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The dataset on which this paper is based, i.e. the semi-structured interviews and 
video tours associated with this paper turned out to be very rich in nature and also 
contributes towards Chapter 5 (prior to the completion of data gathering) and to 
Chapter 6 (in conjunction with the Riverstone Crossing data). Initially the wide scope 
of content and the participant-led nature of the interviews was a source of concern, a 
worry that potential contributions would be affected by a lack of focus. On reflection, 
however, it was determined that such a wide scope was in fact very beneficial, 
catalysing some of the most important insights through the freedom it afforded the 
participants. Subsequent analyses of the same data continued to bring up new 
findings and had the focus been more specific, it is unlikely that this relatively small 
dataset could have contributed to the amount of insight into the social context and 
long-term use of eco-feedback discussed in this paper.  
 
ABSTRACT 
This paper discusses findings made during a study of energy use feedback in the 
home (eco-feedback), well after the novelty has worn off. Contributing towards four 
important knowledge gaps in the research, we explore eco-feedback over longer time 
scales, focusing on instances where the feedback was not of lasting benefit to users 
rather than when it was. Drawing from 23 semi-structured interviews with Australian 
householders, we found that an initially high level of engagement gave way over 
time to disinterest, neglect and in certain cases, technical malfunction. Additionally, 
preconceptions concerned with the “purpose” of the feedback were found to affect 
use. We propose expanding the scope of enquiry for eco-feedback in several ways, 
and describe how eco-feedback that better supports decision-making in the 
“maintenance phase”, i.e. once the initial novelty has worn off, may be key to longer 
term engagement.  
 
Author Keywords 
Eco-feedback; engagement; long-term; discovery; maintenance; energy literacy  
ACM Classification Keywords 
H5.3. Information interfaces and presentation 
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7.1 INTRODUCTION 
Reducing domestic energy consumption represents a key challenge for HCI 
practitioners and policymakers alike. Providing households with better feedback on 
their energy consumption (eco-feedback) has been identified as an important tool for 
achieving sustainable behaviour change (Froehlich et al. 2010) and represents a 
popular target for interaction design (Schwartz et al. 2013).  
 
Eco-feedback has also emerged as a policy response aimed at helping consumers 
adjust to escalating energy prices and alternative tariff structures in Australia and the 
UK (LGIS 2012, Hargreaves et al. 2013). For instance every household in Great 
Britain will be offered a simple energy monitor as part of the nation-wide smart 
meter roll-out (DECC 2013). Already, one in five households in Queensland, 
Australia took the initiative to apply for a simple energy monitor offered through a 
subsidised government sustainability program (LGIS 2013). Yet despite this apparent 
expectation that eco-feedback will provide consumers with a smooth transition to the 
temporally flexible electricity tariffs of the future, questions remain as to exactly how 
people use and appropriate this technology in the home (Hargreaves et al. 2013, 
Schwartz et al. 2013). 
 
Modern eco-feedback technology now affords near real-time information on a 
growing range of parameters concerning household energy usage such as temporal, 
social, fixture-specific and appliance-specific comparisons of consumption 
(Hargreaves et al. 2010, Froehlich et al. 2012, Schwartz et al. 2013). HCI designers 
have been integral in pushing the boundaries of design in this field, including 
designing more artistic and unconventional forms of eco-feedback (Froehlich et al. 
2010), situating feedback research in more user-centred contexts (Schwartz et al. 
2013) and the integration of comparative, competitive and social features in eco-
feedback (Petkov et al. 2011, Gambarini et al. 2012).  
 
Comprehensive meta-reviews of eco-feedback literature, covering both real time 
(e.g. in-home displays) and delayed feedback (e.g. alternative bill design/frequency) 
have proven eco-feedback to be highly effective in reducing household energy 
consumption (Fischer 2008, Faruqui et al. 2010). However, despite this proven track 
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record and many years of attention by academics, several knowledge gaps still exist 
in the literature.  
 
Firstly, due to the relative abundance of positive results, where eco-feedback has 
lowered household consumption or provided user engagement, discussion of the 
factors underpinning these positive results are understandably more common in the 
literature than instances in which a device was ignored or did not deliver energy 
savings (Pierce et al. 2010).  
 
Secondly, many contributors to eco-feedback literature suggest implications and 
recommendations for design. While there is no shortage of design implications in the 
literature regarding what feedback attributes best facilitate lowering consumption 
(Fischer 2008, Froehlich et al. 2010), less common is researchers expressly 
questioning users on what attributes they desire themselves (Riche et al. 2010, 
Karjalainen 2011, Froehlich et al. 2012). 
 
Thirdly, time constraints with eco-feedback deployment trials do not always allow 
for observation of use to continue over extended periods of time (Wallenborn et al. 
2011). As such, while many trials yield generally positive results, at least over the 
short term (Fischer 2008), aspects associated with longer-term use, for instance the 
persistence of the initial energy savings made, remain imperfectly understood (Darby 
2006, Strengers 2011, Hargreaves et al. 2013).  
 
Finally, eco-feedback devices such as wireless energy monitors have only recently 
become widely available and affordable to consumers. As a result, many of the eco-
feedback artefacts studied previously represent research deployments rather than 
independently acquired pieces of technology. How eco-feedback becomes integrated 
(or not) in the home and how the concept of ownership affects this, is of value to 
designers (Tolmie and Crabtree 2008, Schwartz et al. 2013). 
 
The purpose of this paper is to address these knowledge gaps in an exploration of the 
relationships between householders and their eco-feedback; how the technology is 
used and appropriated and how this relationship changes over time. Contributing 
towards the knowledge gap highlighted by Pierce et al. (2010), we focus deliberately 
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on examples where feedback has not been of value to its hosts rather than where it 
has. Initially the paper reviews literature concerned with the scope of eco-feedback 
design, the interrelationships between engagement, persuasion, appropriation and 
how these may change over time. We then present findings from 23 qualitative 
interviews regarding participants’ attitudes towards eco-feedback, self reported 
changes in these attitudes over time and the desirable attributes of their “ideal” eco-
feedback system. In conclusion, we offer several implications for the future design of 
eco-feedback based on our findings and outline related areas ripe for further research. 
The overarching argument here is the importance of a holistic approach to eco-
feedback research and design. 
 
7.1.1 Previous work 
Broadening the scope of “success” in eco-feedback research 
Several meta-reviews of eco-feedback trials report typical energy saving results of 
between 3 and 15% for the duration of the trials (Darby 2006, Fischer 2008, Faruqui 
et al. 2010). However there has been a tendency in the literature to define the 
“success” or “effectiveness” of eco-feedback only in terms of the quantitative energy 
savings they produce (Fischer 2008, Schwartz et al. 2013). As a result of this, design 
implications for eco-feedback have traditionally tended towards ways to change 
behaviour and achieve a conservation effect, rather than discussion of more social or 
use-based implications for design (Fischer 2008, Froehlich et al. 2010). 
 
Certain HCI authors question this somewhat implicit positioning of eco-feedback as 
a persuasive technology- i.e. technology designed with the express intention of 
shaping user behaviour (Brynjarsdottir 2012, Schwartz et al. 2013). Schwartz et al. 
(2013, pp.1193) argue that: “studying ‘what systems do to people’...cannot account 
for ‘what people do with systems’”. In our previous work we suggest that a reliance 
on traditional metrics for “success”, such as quantitative energy saving results, serve 
to limit the scope for potential eco-feedback design opportunities (Snow and 
Brereton 2012).  
 
Recent HCI contributions broaden the scope of eco-feedback enquiry towards 
explorations of more socially-related aspects such as energy literacy (Schwartz et al. 
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2013), user-engagement (Hargreaves et al 2010, Wallenborn et al. 2011) and use by 
the whole family (Grønhøj and Thøgersen 2011). Eco-feedback demonstrates a 
strong potential to engage householders with their electricity consumption, stimulate 
energy-centric conversations and influence social processes between family members 
in regards to conserving energy (Grønhøj and Thøgersen 2011). The ways in which 
people learn about their electricity consumption and use their eco-feedback system is 
of value to designers on its own, in the absence of a persuasive framing (Schwartz et 
al. 2013).  
 
However, despite this considerable broadening of the scope of eco-feedback enquiry 
in recent years, Pierce et al. (2010) highlight a knowledge gap in the literature which 
is still largely present today. This is described as a “subtle yet critical bias” toward 
the discussion of instances in which feedback effectively engaged its hosts or 
provided energy savings, over instances in which it did not (Pierce et al. 2010). This 
suggests somewhat of a black-box approach; attempting to optimise a problem 
without fully appreciating the intrinsic aspects of what is a complex socio-technical 
issue. HCI authors may also be missing opportunities to discuss shortcomings in 
design and allow others to avoid similar mistakes.  
 
Eco-feedback attributes- top down versus bottom up 
Perhaps due in part to the tendency for eco-feedback research to be framed by 
persuasion theory (Brynjarsdottir 2012, Schwartz et al. 2013), HCI authors are armed 
with a robust set of design requirements for eco-feedback towards achieving 
behaviour change. In a comprehensive review of 26 original feedback projects, 
Fischer (2008) highlights design features common to the best performing projects 
reviewed. These include (1) computerised feedback capable of temporal 
comparisons, providing information on environmental impact or energy savings tips; 
(2) designs offering an interactive element- such as interaction with computerised 
feedback or activities such as self-meter reading or self-feedback; and (3) designs 
capable of appliance-specific breakdown. In addition Froehlich et al. (2010) 
highlight examples from the rich environmental psychology literature available to 
HCI designers regarding effectively provoking behaviour change. 
 
Chapter 7: Curiosity to cupboard: Self-reported (dis)engagement with energy use feedback over time 133 
 134 
On the other hand, bottom-up appraisals of what attributes users actually desire 
themselves in feedback systems are less common. Consistent with Fischer (2008), 
different temporal comparisons of consumption, as well as appliances specific 
consumption have been found to be the most widely desired attributes of eco-
feedback (Karjalainen 2011, Froehlich et al. 2012). Comparison with friends or a 
local average has also been reported as popular (Froehlich et al. 2012), however not 
everyone in this study’s sample was willing to share their own consumption 
information. Aesthetic aspects of eco-feedback placement are also not widely 
discussed in the literature. Riche et al. (2010) found aesthetic aspects of eco-
feedback were likely to influence decisions over placement and potentially impact 
upon use, while Froehlich et al. (2012) report their highly visual and playful “aquatic 
ecosystem” eco-feedback prototype was well received. 
 
Engagement with eco-feedback over time 
How users reflect upon and adapt their use of eco-feedback over extended time 
periods represents a nascent area of enquiry. Relatively few longitudinal studies 
concerning eco-feedback use exist to date (van Dam et al. 2010, Grønhøj and 
Thøgersen 2011, Hargreaves et al. 2013, Erickson et al. 2013, Schwartz et al. 2013). 
This body of work suggests that that in many cases eco-feedback is responsible for a 
rise in energy-literacy, but how participants access and use the device changes over 
time (Grønhøj and Thøgersen 2011, Hargreaves et al. 2013, Schwartz et al. 2013).  
Hargreaves et al. (2013) for example studied the change in user engagement with 
eco-feedback over a 12 month period. This period was characterised by an initial 
interest in the device followed by a decline in engagement whereby the appeal was 
lost. Participants reported that the device failed to provide any new information once 
they became aware of the factors affecting their consumption. On the other hand, 
while Grønhøj and Thøgersen (2011) report a change in interactions with the eco-
feedback device from initial fascination and high usage toward less frequent 
“glances”, these authors report engagement with the device was largely maintained 
over five months. Over a 13 month deployment, Schwartz et al. (2013) report 
learning was a continuous process throughout the deployment period with no 
mention of a change in the nature of engagement. In these studies use is described 
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more as a transition from novelty to utility rather than novelty to disregard, as 
reported by Hargreaves et al. (2013).  
 
Related HCI work in Personal Informatics describes these changes in usage in terms 
of two key phases of reflection upon personal data: “discovery” and “maintenance” 
(Li et al. 2011). The discovery phase is characterised by people exploring, learning 
and discussing their data, setting personal goals and seeking further information. The 
maintenance phase on the other hand is when people become more aware of the 
factors affecting their data and refer to the feedback less often, more for the purpose 
of checking nothing is out of the ordinary (Li et al. 2011). While users generally 
transition over time from discovery to maintenance, events such as the purchase of a 
new appliance or an inability to meet a personal goal may lead to a transition from 
maintenance back into discovery (Li et al. 2011).  
 
Whether or not eco-feedback related energy savings persist over time, or after the 
feedback trial has been terminated is questionable (van Dam et al. 2010). Even if the 
feedback is not removed, there is the concern that once “wasteful” consumption is 
addressed, simple energy monitors may in fact cause households to accept a level of 
“necessary” or “normal” consumption, regardless of how excessive that may be. 
Understandings of the use and effect of eco-feedback over time are considered to be 
inadequate and to warrant further research (Hargreaves et al. 2013, Schwartz et al. 
2013) 
 
Eco-feedback appropriation in the home 
Finally, the circumstances in which participants receive their eco-feedback device 
represent an important consideration when examining use. For instance in the 
deployment of a research technology, participants are aware they are being studied 
and that they might be asked questions about their experiences of the device (Tolmie 
and Crabtree 2008). Therefore how people appropriate, use and accept a research 
deployment may differ considerably when compared to a piece of independently 
acquired technology (Tolmie and Crabtree 2008).  
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This is of significance to the study of eco-feedback, given that the majority of 
academic studies investigate eco-feedback in the context of its deployment into the 
home as a research artefact (Grønhøj and Thøgersen 2011, Petkov et al. 2011) rather 
than an independent acquisition by the family (Strengers 2011). In terms of 
behaviour change and energy savings, this amounts to a very real potential for the 
occurrence of the Hawthorne effect1 (Pierce et al. 2010, van Dam et al. 2010, 
Wallenborn et al. 2011). Aside from these authors however, to the best of our 
knowledge the concept is otherwise seldom discussed in the eco-feedback literature. 
 
7.2 METHOD 
This study represents a somewhat unconventional appraisal of an eco-feedback 
device insofar as we had no involvement in the design or deployment of the energy 
monitors that we observed in peoples’ homes and little or no access to ‘before’, 
‘during’ or ‘after’ consumption data from participants. The device in question 
represented an independent acquisition for the family, rather than a deployment of 
research technology.  
 
Our focus here is instead on the social issues concerned with use, engagement and 
attitudes toward the device and how these changed over time. We rely on the 
accounts given by our participants of their interactions with their energy monitors; 
accounts we consider to be relatively unbiased considering our position as an 
impartial third party unrelated to the devices’ design or deployment. 
Following on from Pierce et al. (2010), we also concentrate on the instances in which 
the eco-feedback in question was not of lasting benefit to its hosts as opposed to the 
more commonly researched instances in which it was. Our findings represent 
important insights into how and why eco-feedback can be ineffective as well as 
effective and what can be learnt from these examples.  
 
1 The Hawthorne effect relates to research participants acting differently to what they might normally on account of knowing 
they are being observed by researchers (Wallenborn et al. 2011). 
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7.2.1 Participants 
The participants contributed to 23 interviews; 17 were female, three were male and 
in three interviews the husband and wife were simultaneously present throughout the 
whole interview. In two instances, adult children who were still living at home also 
contributed. 
 
The only pre-requisites for participants were that they were permanent residents of 
the dwelling and were involved to a degree with the management of their utility bills 
and of their home (e.g. cleaning, washing or cooking). The majority of participants 
were in their 30’s or 40’s (17 participants) and owned their house (17 participants). 
One participant lived in a house that was shared by two separate families. Twenty 
participants were married or living in a de facto relationship, two were single parents 
and only one was a sole occupant. Seventeen had children living at home, five had 
children who had left home and one had never had children.   
 
Participants were recruited via a local community Facebook page, a letterbox drop 
and via a third-party contact. All of the interviews were conducted with residents of 
Brisbane, Australia, with 18 of the 23 participants located in two adjoining suburbs. 
The focus on this specific area was due in part to our related studies into sharing and 
comparing electricity information which will be published subsequently.  
 
7.2.2 The device 
Almost 80% of the participants (18 of the 23) had an energy monitor installed in their 
house between January 2009 and April 2012. In all cases the energy monitor (“the 
monitor”) represented a simple wireless ‘cent-a-meter’ which had been installed 
alongside other energy saving products as part of a popular subsidised sustainability 
initiative (refer Figure 7-1 The energy monitor below). The service cost was $50; 
however residents of Brisbane City Council were offered a full rebate for this cost 
during part of the trial period. Approximately 336,196 monitors were installed 
throughout the state of Queensland during this time, representing one in every five 
households (LGIS 2013).  Our focus on this particular monitor follows our discovery 
of the ubiquity of the device during the interviews; through questions related to what 
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feedback, if any, did the participants have on their electricity consumption. The 
monitor was one of several topics discussed in the interviews. 
 
Figure 7-1 The energy monitor 
 
The monitor consists of a current clamp device installed in the meter box that 
transmits information wirelessly to a portable battery-powered monitor in the home 
(pictured in Figure 7-1 The energy monitor). On the default screen the monitor 
shows near-instantaneous figures for immediate whole-of-house consumption in 
kilowatt hours (kWh) as well as dollars ($AUD). Weekly and monthly comparisons 
as well as the option to express electricity use in terms of kilograms of carbon 
dioxide (kg of CO2) can be accessed via buttons on the top of the device. The 
amount of time each household had owned their monitor was not recorded, however 
none of the participants described it as a recent fixture; with the majority of the 
monitors having been installed for at least 12-24 months. Two participants had 
moved into a house where a monitor was already fitted, one of whom did not have 
one installed at their previous residence. 
 
7.2.3 Study design  
In 20 of the 23 interviews, a short energy audit ‘tour’ of the dwelling was conducted 
initially in order to gather information on the main contributors to electricity 
consumption in each house. Semi-structured interviews were then conducted with all 
participants, covering topics of electricity usage behaviour, electricity feedback and 
issues concerned with sharing feedback information. The remaining three interviews 
were restricted to the semi-structured interview only.  
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Interviews were transcribed verbatim from the audio along with any visual data 
gathered. A thematic approach to analysis was employed, with themes and sub-
themes being identified from the transcriptions throughout an iterative process of 
reading, re-reading and categorising data from the transcripts. This process facilitated 
an in-depth appreciation of the use, attitudes toward and desired features of eco-
feedback.  
 
7.3 FINDINGS 
7.3.1 Condition and location of the monitors 
Despite 18 of the 23 participants having had an energy monitor installed, half of the 
monitors were found to be inoperable at the time of the interview. The reasons for 
this inoperability varied; for instance four monitors failed due to the (subsequent) 
installation of solar panels, affecting the monitors’ readings. While the monitor 
measures the flow of power, it cannot measure the direction of flow, thus resulting in 
high readings during the day when the solar panels are exporting power to the grid. 
Only one of these four participants made any attempt to address the problem; with 
the three others simply accepting that it had died. 
Additional to this, two monitors failed due to preventable reasons (participants had 
not replaced the AA batteries); three participants could not explain why their monitor 
did not work and one participant whose monitor was working satisfactorily during 
the interview said it did not always work. In this case the participant claimed it had 
connectivity issues due to the long distance between the meter box and the kitchen 
and it would not always display a reading when she wanted to look at it. 
 
During the interviews, working monitors were found in various locations indicative 
of their limited use: two were obscured by other items (refer Figure 7-2: Monitor 
obscured behind other items and Figure 7-3 Monitor obscured behind other 
items), two were stored in a cupboard and one was placed out of sight behind a 
computer desk: 
 
“I can’t remember where I put it! (laughs) Hang on a minute. Is it in the 
lounge room? Do you know what, I don’t know where it is… Oh my God isn’t 
that embarrassing!” (P21, monitor working but has connectivity issues) 
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Figure 7-2: Monitor obscured behind other items 
 
Figure 7-3 Monitor obscured behind other items 
 
Despite this, the majority of participants claimed to have been interested in their 
monitor or had drawn benefit from it at some stage. Four still referred to their 
monitor on either an occasional or regular basis, generally to “see if there’s anything 
on it” (P10). Two of the four participants whose monitors stopped working following 
their solar install claimed they missed it now that it was not there. One of these two 
had even gone out to the meter box and attempted (unsuccessfully) to fix the problem 
himself. 
 
7.3.2 Ineffective feedback- failure to maintain interest 
For a number of participants who had installed the monitor, a pattern emerged in 
conversations where participants spoke of an initial interest in the device, followed 
by either a technical malfunction, or a loss of interest. Of the nine participants whose 
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monitors were still working at the time of the interview, only four of these were still 
referred to on a regular basis.  
 
Five participants spoke explicitly of being initially interested in the monitors, but 
losing this interest over time. For two of these participants, this was due to an 
inability to relate their monitor’s readings to everyday practices.  
 
“I did use it for maybe a week when we got it... I think that with these things, 
the representations aren’t right. You just see a number but you don’t 
see...how much you’re wasting” (P7, monitor not working- neglect) 
 
“I couldn’t understand it... I know obviously the lesser the figure the better it 
is, but that’s all. It didn’t really prompt me to turn anything off” – (P20, 
monitor working). 
 
For another two participants, the reason related to their monitor failing to maintain 
their engagement beyond the initial discovery phase. For these participants there was 
a sense that the monitor had “served its purpose”; concluding that once the monitor 
had made them aware of the factors affecting their consumption they lost interest.  
For four of the 18 participants with monitors however, the monitors not been of any 
interest to them from the outset. These participants (two male and two female) all 
reported to be comfortable with the amount of electricity they were using. The 
female participants, both with teenage children, spoke of being busy with other 
things and did not need “another gadget to look at” (P22, monitor working). On the 
other hand, the two male participants did not use the device because they felt as if 
they did not need to use it. While the word “patronising” was not used in relation to 
the monitor, both conveyed this sentiment when speaking about why it hadn’t been 
of use to them: 
 
“We weren’t interested in the readings. We were certainly interested in 
conserving power, but we didn’t need an instrument to tell us we were 
conserving us because we knew we had everything switched off” (P23, 
monitor working but stored in cupboard) 
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In two of these cases, while the monitor had never engaged the participants 
themselves, it had provided some interest to their university-aged children. In these 
examples, the interest of the child was not reported to have impacted upon the 
consumption patterns of the household. 
 
7.3.3 Ineffective feedback- failure to motivate pro-environmental behaviour 
Regardless of whether or when the device had interested or engaged participants with 
their electricity consumption, this engagement or interest did not often translate into 
pro-environmental behaviour changes. While many participants described things they 
had learnt from the device, such as how much power certain items drew, only three 
of the 18 participants with monitors related stories of their monitor instigating pro-
environmental behaviour in the household. These behaviour changes included filling 
up the kettle less (P12), “turning things off at the wall more” (P21) and limiting the 
use of the halogen lights in the kitchen (P9).  
 
Far more common was a perception that it may have been interesting to learn how 
much energy different appliances used, but that this knowledge did not constitute a 
reason to change practices or reconsider “non negotiable” usage.  
 
“Yeah when we turned the air con on it went up. I saw that, but I wasn’t 
going to turn the air con off just because the number went up, it was hot!” 
(P20, monitor working) 
 
Curiously, this inability or unwillingness to change behaviour based on the readings 
from the device was despite an equally common perception among the participants 
that the monitor was something that was supposed to save them energy. One 
participant spoke of “adhering” to the feedback despite the monitor itself not 
providing any advice, rules or goals to “adhere” to.  
 
“Yes, I look at it all the time. Do I adhere to it? No!!” (laughs) (P5, monitor 
working) 
“When the dryer’s running it goes through the roof, but then you know that 
already ‘cos you’ve already had the bill. So it’s interesting to see what you’re 
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using and it’s supposed to make you more energy efficient but I didn’t know 
what else we could cut back on” (P15, monitor no longer working- neglect). 
 
7.3.4 Desirable feedback  
All participants were questioned whether they would like some form of feedback (or 
additional feedback) on their energy consumption or some form of early warning 
system for their bills. Despite the limited use and interest in the monitor, of the 23 
participants, 16 were receptive to feedback (or additional feedback) and described 
features that would be desirable to them. Four mentioned they did not want any type 
of further feedback and three did not give a definitive answer either way. Notably, 
four of the five people who had never had a monitor installed were receptive to the 
idea of some form of feedback on their electricity use.  
 
Although the majority of participants were receptive to further feedback, responses 
detailing the most desirable features of their “ideal” eco-feedback varied. For 
instance, there was little consensus among the participants on how information 
should be accessed (wall-mounted or portable display, computer application or smart 
phone app) and (if wall-mounted), where it should be mounted. 
 
While most participants noted that an eco-feedback system should offer some form 
of comparison, descriptions of exactly what should be compared varied widely. 
Reported desirable consumption comparisons included: comparing average usage per 
day / per month / per season; comparing their dwelling’s consumption to a city / 
suburb / street average; to other similar sized households / to a specific friend’s 
household / to households with similar infrastructure (such as other owners of solar 
panels); comparing consumption within the home, for instance comparing rooms or 
appliances.  
 
The only comparison which was consistently noted as desirable among participants 
and was not noted as undesirable by anyone was appliance-specific feedback. 
Although historical usage comparisons were also widely described as desirable, this 
was not ubiquitous. Certain comparisons, particularly comparisons with other people 
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or other groups of people were found to be polarising; i.e. desirable to some while 
completely undesirable to others. 
 
“I’d like to compare to people of the same age and ability. Large families or 
people who have parties just won’t equate, but if I could compare to people of 
the same type of living standards, abilities, I’d like to see how my bill 
compares to theirs” (P10, monitor working) 
 
“It’s all about me! I couldn’t care about anybody else, I mean they’re not 
paying my bills for me are they?! So no, I can’t see the point (of social 
comparison)” (P21, monitor working intermittently) 
 
Additionally, two participants, both with young children, noted that what they 
considered to be ‘desirable’ attributes of a feedback system would change over time 
as their children grew older. 
 
7.4 DISCUSSION 
Our findings describe a cross-sectional snapshot of usage and engagement with a 
simple eco-feedback device well after the novelty has worn off. In general, 
participant reports of usage point to a trend of initial interest, followed by a decline 
in engagement or malfunction of the device. Considering the apparent reliance by 
policymakers on similar real-time eco-feedback devices as transitional aides for 
consumers toward smart metering roll-outs and alternative tariff structures (DECC 
2013), these results are highly relevant. Investigating the contributing factors behind 
these findings and how they might be addressed is of value to policymakers and HCI 
designers alike. 
 
In general we found that: (1) the energy monitors did not motivate pro-environmental 
behaviour change; (2) while most participants reported an initial interest, the 
monitors failed to maintain engagement over longer timescales, however; (3) the 
majority of participants still desired further feedback on their resource consumption. 
We discuss these issues in turn below, outlining opportunities and implications for 
design in the field.  
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7.4.1 “Do I adhere to it? No!” - Failure to motivate environmental behaviour 
change 
While participants were drawn to the devices with the hope of saving power and thus 
saving money, this was seldom translated into modes of behaviour that would 
facilitate the presumed benefits. Where examples of behaviour change were reported 
(for instance: filling up the kettle less (P12), or “turning things off at the wall more” 
(P21)), we considered these may have relatively little overall effect on the 
participants’ energy use compared to other potential savings.  
 
Our findings closely resemble those of Pierce et al. (2010) and Hargreaves et al. 
(2013) in that the device did not prompt participants to question their “normal” or 
“non-negotiable” consumption. For instance seeing the number on the device go up 
did not prompt a reconsideration of turning on the air conditioning if they felt it was 
hot. This finding lends further support to the supposition that awareness of energy 
consumption alone is not sufficient to motivate behaviour change (Pierce et al. 
2010). The issue was further compounded in our study by the difficulty some 
participants had in making sense of the numbers on their display or relating the 
feedback to everyday practices.  
 
On the other hand, in these instances where eco-feedback does not provide 
engagement or energy savings, it is easy to blame the device itself, without 
addressing the attitudes and motivations of the user with respect to monitoring their 
use. While our participants wanted to spend less on their electricity, they did not 
necessarily want to use less electricity, nor did many demonstrate any great desire to 
alter their behaviour. As such, while it appears the monitor did broadly fail to engage 
participants, we consider that an underlying indifference or unwillingness among 
participants towards changing behaviour contributed to a degree.  
 
This apathy or unwillingness to engage with eco-feedback represents a concern 
among designers, considering the impact of eco-feedback may be downgraded when 
a user feels no need to monitor their behaviour or is unmotivated to change it. 
Further work is required here, exploring how underlying attitudes and values towards 
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saving energy in general affect the use and energy saving potential of eco-feedback 
interfaces. 
 
The “purpose” of the monitor 
Our findings suggest that users’ attitudes regarding the “purpose” of their device may 
have influenced their use of it. The quote: “it’s supposed to make you more energy 
efficient” (P15) exemplifies the perception among many participants that the purpose 
of the device was to make them change their behaviour; in other words, it was 
conceptualised as persuasive technology. This was despite the complete absence of 
any persuasive features on the device such as goal-setting, energy saving messages or 
competition (Petkov et al. 2011, Gambarini et al. 2012) and no mention of its 
“purpose” by the researchers.  
 
Hargreaves et al. (2013) describe their participants’ consideration of the eco-
feedback device as a “nagging presence”, whereby over time the monitors began to 
represent a constant (sometimes unwanted) reminder to turn things off.  However, in 
our study, rather than reminding or persuading participants to use less, the 
conceptualisation of the technology as persuasive appeared to in fact reduce the 
potential for behaviour change or engagement. The device inadvertently took on a 
patronising quality for some participants who did not want to be told what to do. 
Similarly, some who felt they were already energy efficient enough, or were 
comfortable with the amount they were using felt like they had no reason to look at 
it. We do not dispute the fact that persuasion, when well designed and executed, has 
tremendous potential for pro-environmental behaviour change, at least in the short 
term; see for example Petkov et al. (2011). Rather, what we aim to highlight here, is 
that perceptions and preconceptions by consumers have the potential to significantly 
influence the use and acceptance of an eco-feedback device.  
 
The extent to which factors such as the initial marketing of the device or 
conversations with the installer affected attitudes or acceptance is difficult to 
determine. Given our disconnection from these processes, this is not something we 
can authoritatively provide comment on. We suspect however, that these factors may 
be of reasonable influence to participants’ attitudes toward their monitor. As such, 
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further work exploring (1) how the marketing and installation process of eco-
feedback affects users’ preconceptions of the device and (2) how these 
preconceptions influence use, would be valuable to eco-feedback designers 
regardless of the frame of reference for design (i.e. persuasive or otherwise).  
 
Technical malfunction 
One of the contributing factors behind the energy monitors not producing 
environmental behaviour change was that a number of them simply stopped working. 
While we do not speculate about the instances where the participants could not 
explain why their monitors stopped working, the instances of malfunction due to the 
subsequent install of solar panels can be put in some context. 
 
The period during which the monitors were installed (January 2009 – April 2012) 
coincided with a significant increase in homes with rooftop solar. Anecdotal reports 
suggest that the issue of energy monitors malfunctioning in this manner was widely 
replicated. Although this particular issue may not have occurred had the eco-
feedback device been capable of measuring more than one power circuit, this 
example highlights the possibility of eco-feedback failing to produce engagement or 
environmental behaviour change for reasons almost completely unrelated to use, or 
the user. Consumers who have had a bad experience with eco-feedback such as 
technical malfunction may be more reluctant or sceptical of eco-feedback purchase 
or participation in the future. It is important therefore that HCI designers take a 
holistic view of eco-feedback design and expand the scope of reference to 
consideration of these physical and practical factors, outside of the traditional user-
device interaction boundaries. 
 
7.4.2 Curiosity to cupboard: Failure to maintain engagement over time 
Aside from technical malfunction, the energy monitor studied was found to be 
generally ineffective in engaging our participants with their energy consumption over 
long timescales.  
 
Our findings support those of Hargreaves et al. (2013), in that: (1) interactions with 
the eco-feedback device tended to consist of an initial period of engagement, 
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followed by a gradual loss of interest; and (2) the main reason for this loss of interest 
was the device failing to provide them with new information. In both cases, the 
portable devices ended up getting “backgrounded” over time. Our findings differ 
however from Grønhøj and Thøgersen (2011) and Schwartz et al. (2013), both of 
whom reported a more lasting engagement. The devices studied by these authors 
both represented more technically advanced devices capable of a range of 
visualisation options, goal-setting, appliance-specific consumption breakdowns and 
were not portable. One was a wall mounted 7 inch tablet, while the other (Schwartz 
et al. 2013) was accessible through the TV, personal computer and smart phone.  
There is relatively little distinction made between portable, wall-mounted and 
remotely accessed (i.e. computer/smart phone) eco-feedback systems and we suggest 
that further research needs to examine the relationship between portability, 
appropriation and use more closely. Through our interviews, we found that despite 
an initially high interest, several of the monitors had progressively fallen into the 
background, or had been relegated to another room or a cupboard. However, the 
extent to which this was a product of the portability of the device as distinct from its 
unengaging nature is unclear. For instance does being portable lead to being stored 
away and forgotten about? Does an engaging wall-mounted device deliver more 
lasting engagement than an identical portable device? Portability may even be an 
asset in the discovery phase (i.e. allowing people to carry it around while turning 
different appliances on and off), but a negative attribute in the maintenance phase 
(where it lends itself to being ‘cleaned up’). 
 
This also raises larger ethical questions relating back to the purpose of the device; 
should the eco-feedback necessarily represent a constant presence in the home or 
should participants have more control over its presence or placement? Is relegation 
of a portable device ‘out of the way’ inevitable? More broadly, how can eco-
feedback best hold relevance within a society already saturated with ubiquitous 
computing artefacts in the home, all vying for the user’s attention? These questions 
present opportunities for further HCI research. 
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7.4.3 Lasting engagement in the maintenance phase 
We suggest that eco-feedback designers have much to learn from a growing body of 
Personal Informatics literature discussing the stages of reflection and engagement 
with feedback over longer time periods (Li et al. 2011). While many eco-feedback 
authors speak of a change in user interactions with their device over time, a common 
identification for these phases, namely ‘discovery’ and ‘maintenance’ (Li et al. 
2011), is missing from the eco-feedback literature to date. This model identifies 
peoples’ information needs as fluid, over both long and short timeframes; a sentiment 
which was also identified in our interviews in respect two participants’ “ideal” eco-
feedback attributes changing as their children grew older. 
 
Real-time eco-feedback afforded by modern technology provides significant support 
for users in the discovery phase (Fujinami and Riekki 2008, Petkov et al. 2011), but 
is not always capable of maintaining engagement once the user identifies the factors 
affecting their consumption (van Dam et al. 2010, Hargreaves et al. 2013). Few 
studies outline specific design features or intents aimed at retaining engagement in 
the maintenance phase (Gambarini et al. 2012), or for supporting transitions between 
phases. We found that regardless of the presence of the energy monitor in 
participants’ homes, the three-monthly “shock” (P14) provided by the electricity bill 
was more likely to create a desire to change behaviour than the more regular 
consumption information provided by the energy monitor.  
  
While more motivated users may continue to refer to and draw benefit from the eco-
feedback unit itself, retaining engagement by less motivated participants throughout 
the maintenance phase may be more difficult. One means of achieving this may be 
the integration of less frequent forms of feedback along with computerised real-time 
eco-feedback. This could include eco-feedback triggering fortnightly consumption 
information bulletins by email in addition to normal operation. Users could then 
troubleshoot an unexpected rise or drop in aggregate fortnightly consumption by 
accessing the more granular disaggregated information provided by the eco-feedback 
unit. Allowing users to access and re-analyse old data is important for this purpose 
and in agreement with Barua et al. (2013), we consider that the ability for eco-
feedback to record and store data long term for later retrieval and analysis by users is 
an important attribute of design.  
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The maintenance phase corresponds to less regular monitoring of personal data to 
make sure values are in accordance with expectations, rather than learning new 
information about the data (Li et al. 2011). In this way, the nature of interaction with 
the data changes and so too does the nature of interaction with the device providing 
that information. We do not expect, therefore, that simply increasing the amount of 
information provided to households, or trying to prolong the discovery phase is 
necessarily the key to engagement in the maintenance phase. Instead we draw the 
analogy to the dashboard of a car. The dashboard represents a concise display panel 
that provides information necessary for operating a car within appropriate external 
and user-defined constraints. The utility provided by the dashboard persists long after 
the factors affecting the operation and performance of the car have been learned. We 
therefore suggest that a useful focus for design may be on developing and optimising 
the ability for eco-feedback devices to transition back and forth between complex 
tools for learning, comparison, discovery and diagnosis, into simpler ambient 
dashboard type displays (see for example the ‘Solo’ and ‘Duet’ devices reported in 
Hargreaves et al. 2013).  Notwithstanding the above, retaining engagement with eco-
feedback over longer timescales remains a compelling gap in the literature 
(Hargreaves et al. 2013) and we outline this space as an important avenue for further 
HCI research. 
 
7.4.4 A degree of separation 
Considering our disconnection from the processes of acquisition and installation of 
the monitors, these results provide an interesting snapshot of energy monitors in their 
natural state. Representing somewhat of an independent third party, participants 
provided us with candid accounts of their experiences and in some cases their 
frustrations with the monitor during the semi-structured interviews.  
 
We question however, whether our findings would have been the same if the 
participants identified us as the designers or developers of the technology. Would 
participants have taken the time to replace batteries or locate their misplaced device 
if it were the designers of the device visiting them? Tolmie and Crabtree (2008) 
suggest that technology deployed by researchers is likely to be integrated into the 
Chapter 7: Curiosity to cupboard: Self-reported (dis)engagement with energy use feedback over time 150 
 151 
home in a different manner to technology that is independently acquired. Differences 
include feelings of ownership and expectations from the researchers regarding how 
the technology “should” be used. This is not to suggest that positive energy saving 
results in previous eco-feedback literature should necessarily be attributed to these 
types of expectations or the Hawthorne Effect in any way. Rather, that the 
relationship between the researchers and participants in eco-feedback trials is an 
important and potentially influential aspect of eco-feedback use worthy of further 
discussion. We also suggest that the increasing availability and affordability of off-
the-shelf eco-feedback presents a compelling opportunity for further research into 
how householders use and appropriate independently acquired eco-feedback units 
(e.g. Strengers 2011), which is currently scarce.  
 
7.4.5 Ideal feedback: what do users want? 
Finally, perhaps one of the most important findings of this study is that despite the 
low levels of engagement observed with this particular device, only four of the 23 
participants did not want any additional form of feedback on their electricity 
consumption. Many of the others (particularly when eco-feedback was discussed in 
terms of its potential role as an “early warning system” for their bills) were very 
receptive to the idea of more feedback on electricity consumption. Our finding 
regarding the near-ubiquitous desirability of eco-feedback attributes such as 
appliance-specific breakdown and temporal comparison are supported by the 
literature which also finds these attributes to be the most effective in reducing 
consumption (Darby 2006, Fischer 2008) and the most desired by users (Karjalainen 
2011). On the other hand however, we found that the desirability of many other eco-
feedback attributes was highly variable. This lends further support to the notion that 
one size certainly does not fit all in regard to eco-feedback (van Dam et al. 2010, 
Hargreaves et al. 2013). This in turn raises concerns over the wisdom of large-scale 
deployments of simple and ubiquitous energy monitors (DECC 2013).  
 
7.5 CONCLUSIONS 
In summary, through 23 semi-structured interviews with Brisbane householders, we 
have attempted to address four important knowledge gaps in the literature which are 
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outlined above. Through our unique study of ineffective eco-feedback over longer 
time scales, we have highlighted some opportunities and implications for design 
which are summarised below: 
 
(1) There is potential to broaden the scope of enquiry on eco-feedback in three 
ways: (a) further studying the effect of people on eco-feedback use, rather 
than the effect of the eco-feedback on people (see Schwartz et al. 2013); (b) 
the effect of preconceptions associated with eco-feedback on engagement and 
use; (c) practical and physical considerations of design, for instance 
compatibility with current and future technology in the home. 
(2)  Eco-feedback design has much to gain by incorporating learnings from 
related literature regarding the phases of reflection on personal information 
 
In particular, further work is required in designing eco-feedback that better supports 
users in the maintenance phase and the transitions between the maintenance and 
discovery phases. Two means of achieving this may be the integration of less 
frequent summative feedback (for example fortnightly usage bulletins) with real-time 
computerised eco-feedback; and by focusing design attention on the ability of eco-
feedback devices to transition between more complex tools for discovery and 
diagnosis to more concise, ambient dashboards. 
 
Although the relatively simple device we studied was not effective in providing 
lasting engagement in the maintenance phase, and although more detailed and 
configurable models of eco-feedback have been more effective in this regard 
(Schwartz et al. 2013), we do not believe that lasting engagement is necessarily 
correlated to complexity. For instance we do not believe that simply increasing the 
quantity and variety of information provided to households by eco-feedback will 
automatically equate to long term engagement and energy savings. More important is 
the usability of the device and its ability to provide meaningful information to the 
householder on their practices and actions over time. We echo calls made by 
Strengers (2011) that eco-feedback represents only one instrument in a much larger 
suite of measures, rather than a stand-alone solution to problems of energy literacy, 
engagement and sustainable behaviour change.  
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Limitations to this paper include a limited geographical range of participants, a 
gender bias towards female participants and in most cases only one family member 
present in the interviews. As we were not involved in the design, procurement or 
installation of the device, we cannot provide quantitative data on energy savings over 
time, nor assess trends of use over time; relying instead on participants’ reports. 
However, for the intended purpose of this study as a snapshot of reported 
engagement with an independently acquired eco-feedback device after many months 
of ownership, we do not consider the limitations of the study to be significant. 
Instead this particular method of enquiry contributes towards addressing important 
knowledge gaps highlighted in the literature. We close by urging policymakers to 
carefully consider these findings and those made by other contributors to the rich 
literature available on eco-feedback, when planning for large scale deployments. 
 
7.5.1 Related work 
A subset of the data used in this study has been used to inform a related publication 
investigating what lessons may be learned from resource use in the developing world 
in terms of better engaging Western consumers with their energy (Snow and 
Brereton 2013).  
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PREAMBLE 
Chapter 8 brings into sharp focus the use of eco-feedback within the family home. 
While Chapters 5, 6 and 7 look at eco-feedback use by at least one member of a 
family, these chapters do not look specifically at how use differs between family 
members and how family dynamics in the home affect use. As such, a key aim and 
contribution of Chapter 8 is a whole-of-family approach to research seeking to 
include all household members in the study.  
 
This paper utilises 12 self-authored video interviews, where cameras with question 
cards were deployed to households with the express request for every household 
member to take part in the activity. The findings from this paper highlight the 
importance of paying attention to family dynamics as potential barriers to otherwise 
economically rational behaviour changes. For example, it was found that having 
access to the exact kilowatt hour value did not make it any easier for parents to 
persuade their children to use less power. Building on findings from Chapter 6, 
privacy again emerged as an important consideration, for example parents using the 
eco-feedback to analyse their children’s activities when home alone. It was also 
found that the eco-feedback systems were not used equally by different household 
members and that energy management often emerged as one family member’s 
‘responsibility’ in the household. Based on these findings, Chapter 8 argues that 
conventional eco-feedback is nearing the limits of its utility as a device for 
persuasion. It is recommended that design looks instead at the alternative roles that 
eco-feedback plays such as providing satisfaction and reassurance and the potential 
for eco-feedback to foster togetherness between separately located family members. 
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Reflecting on the methodology, the choice of placing the camera into the hands of 
the participants (as opposed to the researchers) was based on reflections gathered 
from the earlier use of the video tours, where some participants did not wish to have 
certain items or places in their house filmed. By giving participants control over what 
they filmed, it was considered that participants might be more comfortable with the 
process. This was mostly the case in practice, with only three of the 12 not following 
through with the task. Analysing the data, it was found that some of the most 
insightful data was resultant from when children took the project on themselves. This 
was due to children generally being less self-conscious than adults, or at least not as 
concerned about the audience of their videos. For this reason, if the methodology was 
to be replicated, it is advocated to target it more specifically towards children. In 
retrospect it might have been worthwhile ensuring children were present when the 
cameras were dropped off and specifically highlighting the importance of their input, 
perhaps asking them to interview their family members. Children are often absent 
from eco-feedback studies of any kind and it is believed that targeting children in the 
process of self-authored videos might be a fruitful way of better integrating 
children’s perspectives on eco-feedback and energy consumption in the family.  
 
Chapter 8 brings together many of the issues initially unearthed during the previous 
chapters, culminating in the finding that family dynamics often get in the way of 
otherwise economically rational energy saving opportunities presented by eco-
feedback. In a way, this paper summarises one of the more important contributions 
made by this thesis. 
 
ABSTRACT 
The dynamic, chaotic, intimate and social nature of family life presents many 
challenges when designing interactive systems in the household space. This paper 
presents findings from a whole-of-family approach to the study of the use of an 
energy awareness and management system called ‘Ecosphere’. Using a novel 
methodology of inviting 12 families to create their own self-authored videos 
documenting their energy use, we report on the family dynamics and nuances of 
family life that shape and affect this use. Our findings suggest that the momentum of 
existing family dynamics in many cases obstructs behaviour change and renders 
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some family members unaware of energy consumption despite the presence of an 
energy monitor display in the house. The implication for eco-feedback design is that 
it needs to recognise and respond to the kinds of family relations into which the 
system is embedded. In response we suggest alternative ways of sharing energy-
related information among families and incentivising engagement among teenagers. 
 
Author Keywords 
Family; eco-feedback; energy saving; reassurance 
ACM Classification Keywords 
H.5.3. Information interfaces and presentation 
 
8.1 INTRODUCTION 
In relation to energy use in the family home, a disconnect exists between the 
processes through which energy is consumed and the ways that families typically 
receive information about their consumption [33]. Household energy consumption is 
a product of dynamic, social and chaotic family life; entertaining friends, washing 
clothes and increasing the thermostat when guests arrive. However, information 
presented to families on their electricity consumption often consists of paper bills 
presenting un-itemised aggregates measured in unfamiliar metrics such as kilojoules 
or kilowatt hours.  
 
Visual displays of household resource consumption such as energy monitors and in-
home displays (eco-feedback) attempt to combat this disconnect and ambiguity by 
providing more regular feedback on energy consumption. Following its reputation 
for achieving energy savings, at least in the short term [11, 13, 14], eco-feedback has 
in the past been designed and deployed on the premise that users will make rational 
energy consumption decisions based on the information provided to them and alter or 
reduce their consumption [28, 32]. This premise, however, is not always consistent 
or compatible with the messy reality of everyday life and family dynamics within the 
home [20, 33]. Furthermore, while eco-feedback provides information on the energy 
use that is cumulatively generated by all family members, studies that specifically 
seek participation from each member of participating families during the design 
process are scarce [1, 17, 23, 33]. 
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This paper reports on our efforts towards a more inclusive approach for the design of 
eco-feedback specifically seeking the integration of all members of participating 
families in the design process. We investigated the use of energy and eco-feedback in 
the family home through the process of inviting 12 families to create their own self-
authored videos. Based on the insights obtained using this method, we report on how 
different family members, including children, used their ‘Ecosphere’ eco-feedback 
device and how family dynamics shaped and affected use. Rather than focusing only 
on the more commonly explored attributes of eco-feedback such as behaviour 
change, or use as experienced by individual users, we approach the design, 
installation and ongoing use of eco-feedback systems as an “entry into the networks 
of relations- including both contests and alliances- that make technical systems 
possible” [34, pp.92]. As such, we explore how use of the Ecosphere is affected by 
everyday life and family dynamics. We investigate the feelings it evoked in its users 
in the context of family relationships. Based on these findings we discuss 
implications for eco-feedback design and for HCI research more generally. We 
suggest that the scope of considerations for eco-feedback design needs to be 
extended well beyond interface design and information presentation, towards 
understanding how this information is received and acted upon in the context of 
family relations. This, we believe, is the context for design that offers some 
interesting opportunities. 
8.2 LITERATURE REVIEW 
8.2.1 Eco-feedback: A persuasive argument 
The term eco-feedback is used to cover a broad spectrum of resource consumption 
information displays from simple digital cent-a-meter type displays (see for instance 
[19, 30]) to more complex displays capable of a range of temporal, circuit or 
appliance-specific comparisons, goal-setting and social media capabilities [15, 25, 
27]. Froehlich et al. [14, pp.1] define eco-feedback as “technology that provides 
feedback on individual or group behaviours with a goal of reducing environmental 
impact”. This definition reflects the common framing of eco-feedback by HCI 
authors as a persuasive technology that is designed primarily to change users’ 
behaviour. In this respect, it has been successful, at least in the short term, with 
average energy savings during field trials averaging between 5 and 12% [13, 14]. 
Chapter 8: When an eco-feedback system joins the family 159 
 160 
However, over the longer term, there is some uncertainty over the durability of these 
high initial savings once the initial novelty has worn off [11, 12, 20, 30]. 
 
There is a growing recognition that positioning eco-feedback as a specifically 
persuasive technology and the corresponding focus only on reducing energy use; i.e. 
the “optimisation of simple metrics”, serves to inaccurately position such 
technologies as “objective arbiters over more complex issues of sustainability” [7, 
pp.947]. In response, recent authors have explored the potential benefits of eco-
feedback in the absence of its framing as a persuasive technology including the 
potential for eco-feedback to act as a source of learning, energy literacy, 
empowerment, knowledge sharing and competition [12, 27]. 
8.2.2 The rational consumer 
Energy consumption in the family setting does not constitute a series of 
economically rational decisions; rather, a socially framed culmination of actions, 
interactions, habits and responses to external factors from all occupants in a 
household [19, 29, 32]. Strengers [32, 33] highlights the tendency for householders 
to be framed as autonomous consumers who will make economically rational energy 
consumption decisions based on the information provided to them. She suggests that 
while this may hold true for particular personality and family types, it is the everyday 
practices that constitute energy consumption which need to be brought to the fore, 
rather than the energy (as a quantity) itself. In many instances well-meaning efforts 
towards energy saving by an individual become lost or complicated by the inherent 
messiness and complexity of everyday family life. This argument echoes the words 
of Sacks, when speaking on the domestication of technology- in this case, the 
telephone: that new technologies do not transform the world, but rather they are 
“made at home in the world that has whatever organisation it already has" [26]. In 
response, more recent work into eco-feedback promotes a stronger focus on family 
dynamics, everyday practices and the social contexts in which energy is consumed, 
rather than on the energy itself [1, 20, 23, 33]. Our paper investigates from this 
perspective. 
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8.2.3 Sharing in the family home 
Families constitute a complex and evolving interactive system. Studying how family 
members share artefacts and technology in the home is valuable to the design of 
these technologies [2, 3, 24]. HCI authors have explored which technologies or 
appliances are shared and which are considered private [2]. Brush and Inkpen [2] 
found TV’s and computers in family spaces were almost always shared technology, 
portable music players and computers in bedrooms were much more likely to 
“belong” to the owner of the room. Eco-feedback systems are typically designed as 
shared systems, i.e. they are installed in shared spaces and/or available on shared 
technology such as computers [12, 27]. However, studies of eco-feedback use within 
families indicate that use of the device is not always shared evenly among family 
members, with sometimes only one family member using it regularly [19, 20, 27].  
 
Other examples of family awareness systems in shared spaces have received much 
more inclusive use. The Whereabouts Clock, prototyped by Brown et al. [6] 
represents a purposefully simple prototype allowing “family members to see where 
other members of the family are (located) in four broad categories: ‘home’, ‘work’, 
‘school’ and ‘elsewhere’ ” [6, pp.355]. Rather than attempting to change behaviour 
or inform or coordinate activities, the role of the Whereabouts Clock is more about 
supporting what families already know; fostering feelings of reassurance and 
togetherness. 
8.2.4 Whole of family approaches to eco-feedback research 
Despite the apparent design intention of eco-feedback to be a shared technology and 
despite the tendency of installations to be located in communal household spaces, 
instances where researchers have specifically sought contributions by all family 
members in discussions are uncommon [1, 17, 23, 33]. This is certainly not to say 
that most eco-feedback studies ignore households as a “collective agency” with 
respect to energy consumption [10], but simply that it is less common for the whole 
family to participate in eco-feedback discussions.  
 
Grønhøj and Thøgersen [17] conducted 20 qualitative interviews, where the whole 
family (adults and children), were asked to participate in the interview process. They 
found the eco-feedback systems were of interest to pre-teenage children, but 
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generally not to teenagers and sometimes resulted in inter-sibling competition and/or 
certain family members trying to persuade other family members towards certain 
behaviours. Baretto et al. [1] included all family members in discussions and found 
that eco-feedback systems facilitated accountability for electricity consumption 
between family members. This in turn led to actions by parents to influence their 
childrens’ energy use, such as tactful placement of environmental magazines or 
sticky-tape over a power switch. Other studies suggest that eco-feedback displays 
may be of great interest to one household member in particular (typically technically 
minded males), but may be of little or no interest to others in the house [19, 33]. This 
serves to complicate the ability to change behaviour, as the person who uses and 
understands the eco-feedback may not be the one who carries out energy-intensive 
everyday tasks such as washing, cooking and cleaning. Strengers [33] reports 
difficulty in achieving family-wide participation in interviews, as certain household 
members did not use the eco-feedback and felt they could not usefully contribute to 
discussion on it. 
 
In this section, through the literature we have outlined several complicating issues 
associated with eco-feedback in its current form. These include the failure of eco-
feedback to capitalise upon the habits, everyday practices and family dynamics 
which constitute that energy use in the first place [33]; the framing of eco-feedback 
in some literature as a persuasive technology, potentially limiting the scope for 
design [27]; and the tendency for researchers to concentrate research efforts on single 
participants rather than families as a whole. In the following section we outline our 
attempt at addressing these issues and informing design through the use of a novel 
methodology including inviting whole families to self-author their own videos about 
their energy use and eco-feedback systems.  
 
8.3 METHODOLOGY 
8.3.1 Research Setting 
The setting for our research is a planned residential community in the Gold Coast 
hinterland, in Queensland, Australia. The community represents a commuter suburb, 
located approximately 65km south of Brisbane. Thirty five families in this 
community received free of charge a wall mounted eco-feedback system called 
Chapter 8: When an eco-feedback system joins the family 162 
 163 
‘Ecosphere’ as part of a sustainability venture between the development company 
responsible for the community and the local council.  
 
8.3.2 The Ecosphere 
The Ecosphere is a commercially available seven inch wall-mounted display capable 
of visualising real-time consumption, various temporal comparisons for electricity, 
gas and water use, as well as comparisons of electricity use by circuit (for instance 
lighting, oven, air conditioning and two separate groups of power sockets in the 
house) (refer Figure 8-1 The Ecosphere Interface). Shortly prior to installation, the 
measurement of gas had to be abandoned due to a council regulation. 
 
 
Figure 8-1 The Ecosphere Interface 
 
On the home screen of the display, the green sphere represents an indicator of how 
the household is tracking towards pre-set energy saving targets for each energy 
variable (electricity/water/gas). The sphere turns orange or red if one or more 
variables are above the target. The Ecosphere was designed and installed by a private 
company and we were not involved in either of these processes. As designers we are 
interested in how eco-feedback is appropriated and used in the home and how these 
systems may be better designed. As such, in many ways the Ecosphere to us did not 
represent a finished product, rather a starting point from which to begin our design 
process. 
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The Ecosphere was rolled out as a 12 month trial for the 35 participating households. 
However, following the trial the households were free to keep their Ecosphere unit, 
or remove it as they wished. Following the 12 month period, any further upgrades, 
servicing or support would be at the cost of the household. In the initial interviews 
(refer below), most households saw no reason for them to uninstall it after the trial 
period.  
 
8.3.3 Initial interviews 
Prior to the installation of the Ecosphere systems we conducted interviews with 
single representatives of each of the 35 prospective households, asking questions 
related to motivation for participating in the trial, barriers they experienced in saving 
energy and where they intended to position their Ecosphere monitor. Based on 
findings from these interviews and from the literature, it was decided that a much 
richer picture of use could be established by integrating all the members of each 
family in subsequent research, rather than a single representative.  
 
8.3.4 Self-authored Video 
Our choice of self-authored video stems from the rich and established history of 
video in design as a tool for both observation and design ideation [35] and represents 
a useful means of bypassing the logistical issues of gathering the whole family at 
home for a group interview. By placing control over the creation and content of the 
footage into the hands of the user, self-authored video is advocated both as a useful 
means of exploring intimate places like the home and a means of limiting unease 
caused by the presence of a researcher with a video camera [9, 35]. This also 
provides a unique means of shedding light on participants’ taken-for-granted 
assumptions and allows them to show researchers what they deem to be important 
rather than the researchers presupposing what is important to the participants [35]. 
 
Our use of self-authored video is based on Bourgeoies et al. [4] who utilised a 
technology probe approach to gather information about the desires and needs of users 
when learning about the energy generated by their rooftop solar systems. Similar to 
[4], our video-cameras were deployed in the fashion of a design probe. However, we 
are hesitant about using this term for our research, considering the more structured 
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nature of the deployment and the questions attached to each camera. For us the 
deployments represented an alternative means of interviewing each family member 
as well as facilitating the creation of content for use in observation and potentially 
design ideation. As such, we refer to them as self-authored video interviews.  
 
The self-authored video interviews took place after the Ecosphere systems had been 
installed for between 4 and 6 months of the initial trial. We felt this timeframe was 
sufficient for the Ecosphere to become appropriated into the household and for the 
initial novelty to have worn off. Early technical issues with the system however, 
meant that not all families had enjoyed uninterrupted use of the Ecosphere 
throughout this time.  
 
Participants 
Twelve of the 35 families who had Ecosphere systems were invited to take part in 
our self-authored video study. Family selection was based on (1) an attempt to gather 
a cross section of the original sample; and (2) those families with functional 
Ecospheres- as there was a high incidence of technical teething problems 
experienced with the systems.  All of the families who received the Ecosphere lived 
in houses that were less than eight years old at the time of research, were insulated 
and all but one had ducted air conditioning installed. Table 8-1: Details of our 
participants (below) describes the participating families and highlights the diversity 
in family structure and working arrangements. 
 
Family  Family Dynamics 
1 Adults: 2 (husband and wife) Husband works from home; Children: 1 (16 y.o son)  
2 Adults: 1 (single occupant); Co-shared with a 28 y.o flatmate daughter and her 7 y.o son during much 
of the Ecosphere deployment period 
3 Adults: 3 (husband, wife, Grandmother); Children: 1 son (6 y.o)  
Parents work, Grandmother retired and at home 
4 Adults: 2 (husband and wife); Children: 2 sons (4 and 6 y.o) 
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5 Adults: 4 (husband, wife, two sons 18-24 y.o) 
Parents work full time, adult children study and part time work 
6 Adults: 4 (husband, wife, two adult daughters: 18 and 20 y.o); Children: 1 (13 y.o daughter); 
Husband works mostly from home 
7 Adults: 2 (husband and wife); Children: 1 (newborn baby) 
8 Adults: 2 (husband and wife); Children 2 (10 y.o daughter, 14 y.o son) 
9 Adults: 2 (husband and wife); Children: 1 (newborn baby) 
10 Adults: 1 (single mother); Children: 2 (14 and 15 y.o sons) 
11 Adults: 4 (husband, wife and two adult daughters in their early 20’s) 
12 Adults: 4 (husband, wife, adult daughter and her boyfriend, both 20’s) 
Table 8-1: Details of our participants 
 
Process 
Small portable Zoom Q2HD cameras (refer Figure 8-2 Camera with flip cards) 
were deployed for approximately one week periods to the 12 families, with 
additional time granted where requested. Attached to the cameras were laminated flip 
cards, inviting each member of the family to film individually: (1) Your last 
interaction with the eco-feedback (2) What features you like- why? (3) What you 
don’t like about it- why? (4) What’s been happening recently- i.e. hot weather, 
visitors, holidays etc. and; (5) What have you learned from it, how did you learned it 
or who did you learn it from? The questions themselves did not ask family members 
to comment upon each other, nor upon family relations. However, the responses 
often made strong reference to the familial context of use. 
 
Nine of the 12 families created their own self-authored video during the time they 
were in possession of the camera. Of the three that did not, one family did not feel 
comfortable recording themselves on video and two families spoke of other 
commitments getting in the way of their being able to complete the activity, despite 
offers of additional time with the camera. In these instances, all the three families 
agreed to participate in a whole-of-family interview instead. 
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Figure 8-2 Camera with flip cards  
 
8.3.5 Analysis 
Video represents a particularly rich design material, layered and highly subjective. 
As such, a collaborative process of interpretation is required [35]. All videos were 
watched individually by the research team. Each researcher then picked a number of 
‘segments’ from the videos (comprising the video and its corresponding audio) 
which were particularly meaningful or interesting to them. These were then watched 
collaboratively with the others and discussed with respect to what was most 
important for each researcher and why. In this way, non-verbal cues such as body 
language and the choices made by the families for particular shot or framings were 
discussed in addition to the verbal cues and answers to the questions provided to 
them. Similar to Buur and Soendergaard [8], one or more stills were picked from 
each segment of interest as a means of remembering the context and the action of 
that segment. These stills were printed onto A4 sheets with the researchers adding 
annotations and verbatim quotes corresponding to the segment. While we did not 
follow through with the full Video Card Game as described by [8], the creation of 
cards in this manner represented a useful means of capturing, analysing and labelling 
moments of interest in the videos. From the analysis and discussions around the 
content and meaning(s) of these segments in this way four main themes emerged, 
which are discussed in the following section. 
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8.4 RESULTS 
Here we present results from our attempts at achieving a more whole-of-family 
approach to discussions around eco-feedback. Firstly we provide a general overview 
of use of the Ecosphere, before discussing our results under four main themes: (1) 
Responsibility and Control, (2) Children’s Use of the Ecosphere, (3) Barriers to 
Behaviour Change: Convenience and Family Dynamics, and (4) Satisfaction and 
Reassurance.  
8.4.1 Overview of usage 
The Ecosphere proved to be very popular among those who used it. The ability to 
analyse previous energy consumption on a variety of scales (minute, day, month and 
per-circuit) was appreciated by all users. The weather feature which displayed 
current temperature and the following days’ forecast was also accessed regularly; out 
of curiosity and as a guide for suitable clothing or whether to close windows in case 
of a storm.  
 
When describing on their videos what features they had recently accessed on the 
Ecosphere, most users mentioned the daily consumption comparison. This graph 
visualised the fluctuations in energy use throughout that particular day and the 
contribution of individual power circuits could be isolated. Those who used it 
regularly also accessed the monthly comparisons and the circuit specific 
comparisons. The ‘live graph’ feature was also noted by a number of users as helpful 
to identify the relative consumption of specific appliances. For many, the relevance 
of the information provided resulted in continued usage throughout the four to six 
months it had been installed.  
 
Despite the considerable satisfaction and utility it provided to those who did use it, 
use of the Ecosphere was far from inclusive in many families. In five of the 12 
families, usage was shared relatively equally among family members, however, in 
the remaining seven families, use of the Ecosphere was dominated almost 
exclusively by just one person. In these families, the other household members 
reported themselves, or were reported by others to seldom or never use the device 
aside from accessing the weather feature. In all but one of these cases, the dominant 
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user was the adult male of the family and was the one who emerged as “responsible” 
for issues related to energy management.  
 
8.4.2 Responsibility and control: “Dad’s electricity” 
By including the whole family in the self-authored video methodology, we gained 
important insight into how matters related to energy use were conceptualised by 
families and why the Ecosphere was not used equally among family members. One 
of the most important findings in this regard was the way in which energy 
management emerged as a “responsibility” within the household. In the same way 
one family member might be in charge of washing clothes or packing lunches, as a 
form of the division of household labour, energy management (and by extension the 
Ecosphere) often emerged as the “responsibility” or “department” of a single family 
member. This notion of responsibility was epitomised by a teenage daughter in 
Family 6 who spoke of “my dad’s electricity”. In her eyes, all the electricity the 
family used belonged to her dad and thus it was his job to make sure it was being 
used (or not being used) in the ways he wanted. This was backed up by her mother, 
who was interviewed later in the video, initially appearing reluctant to appear on 
camera and when faltering on a question asked of her, admitting she did not use it 
regularly 
 
In some cases responsibility for the Ecosphere appeared to have been assumed 
organically as a product of its gradual appropriation in the home. In other cases, 
however, it appeared that responsibility for energy management had been firmly 
assumed by one family member well before the Ecosphere was installed. In these 
instances a power differential existed in the family, most often between the 
“responsible” adult and the others; in particular children. In Families 6, 8 and 11 for 
example, the husbands were already aware that their children were substantial 
contributors to their power bills. As such, a key motivator for installing the 
Ecosphere for these men was to be able to monitor other family members’ energy 
usage and use this information to persuade others towards their viewpoint and to 
limit their usage.  
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[Standing behind the kitchen bench, speaking directly to the camera]: “I’m 
an engineer so I always like analysing things and I tend to keep records and 
an eye on things.... I think (the point of it) is trying to educate the rest of the 
household” (Husband: Family 11).  
 
“Air con. I’ve got to police air con and keep people in line with the air con 
because it’s a big power drain” (Husband: Family 8).  
 
These excerpts point to a clear wish to be able to better control the actions of other 
family members in order to optimise their energy consumption and thus reduce their 
power bills.  In one of the more extreme cases, this wish for control led to the 
exclusion of other family members. The husband in Family 3 was so confident he 
was the only one who would use the Ecosphere that he opted to have the display 
installed in his garage behind where he parked his pickup truck (refer Figure 8-3 
Ecosphere installation location- Family 3). This was despite some resistance from 
the installer, who recommended having it in a more central location. 
 
 
Figure 8-3 Ecosphere installation location- Family 3 
 
Taken from pre-install interview with Husband (Family 3) 
Installer: ...’cause in here (the garage) it would probably defeat the purpose            
of how it’s supposed to work. 
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Husband (Family 3): Right.... Just, because, I’m going to be the one reading it and 
I’m in here a fair bit. 
Researcher: So you don’t expect sort of other family members, or other household 
members to look at it much? 
Husband (Family 3): It’ll be mainly me. 
 
As a result of this, the other family members (wife, grandmother and 6 year old son) 
were almost completely excluded from the eco-feedback.  
 
Aside from this more extreme example, it did not appear that anyone in other 
families was actively excluded from use, rather, that other family members were 
happy to leave the responsibility up to someone else: [Out of shot, interrupting]: 
“That’s Richie’s department” (Wife: Family 9). Responsibility for and thus usage of 
the Ecosphere were simply products of the equitable division of everyday labour that 
occurred in each family. Spouses of the dominant users were generally very pleased 
that their husband or wife was learning useful things from it and were supportive of 
the changes they suggested. At the same time, however, they were also very happy 
not having much to do with it themselves:  
 
[Speaking directly to the camera in the living room in front of the Ecosphere, 
fidgeting]: “My husband, he’s really enjoyed this new project and he’s very 
happy to keep tabs on all of us and, you know, on the consumption of 
electricity. Not that I use much, (I) conserve electricity wherever I can, but at 
least he has an overall, well, he’s in over all control of it” (Wife: Family 11). 
 
The husband of Family 4 walked all around the house with his video camera, 
pointing out how his sons’ (aged 4 and 6) loved using the Ecosphere, but that they 
were also significant contributors to the resource use in the house. In the video they 
were seen lying on the floor playing, however he did not choose to include them in 
the video; instead speaking of what he thought of the Ecosphere and what the main 
contributors to his bill were. In this way he unwittingly painted himself as the 
authority on electricity in the house 
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8.4.3 Children’s use of the ecosphere 
Few previous studies have actively sought to include children in the study of eco-
feedback and thus it was of particular interest to us how children of all ages oriented 
towards the Ecosphere. Generally the Ecosphere seemed to be popular with younger 
children. As mentioned above, the 4 and 6 year old boys of Family 4 were reported 
to love using the Ecosphere. The single occupant of Family 2 highlighted how her 
flatmate’s son (7 years) who had been living with her until recently had been most 
enthusiastic “he came racing out of bed every morning, checked what the weather 
was going to be and then checked what power we were using” (Single occupant: 
Family 2). While the number of younger children in the sample is very small and 
cannot be generalised, it was clear in our experience that the younger children’s 
interest in the Ecosphere acted as a platform for discussion about energy saving, 
environmental issues and served to focus the family’s attention on their Ecosphere.  
 
Older children and adult children on the other hand were generally apathetic towards 
the Ecosphere with several electing not to take part in their family’s self-authored 
videos. Only three of the ten teenage or adult children of the participating families 
showed an interest in the Ecosphere. For most older children, the Ecosphere was at 
best something they didn’t have to worry about and at worst a troublesome invasion 
into their privacy. Despite conceding that it might be useful to her if she paid the 
bills, one of the adult daughters of Family 11 described her family’s use of their 
Ecosphere on her self-authored video:  
 
[Speaking directly to camera in the living room in front of the Ecosphere]:“I 
don’t really seem to be that fond of it because it picks up when I put the air 
con on, every second of every day, which dad and mum then come home to 
see what’s been going on and they can obviously very clearly see when I’ve 
used the air con” (Daughter- early 20’s: Family 11).  
 
A similarly aged daughter from a different family did not respond to accusations 
from her more conscientious younger sister that she was “Miss Who Cares”: 
 
[Standing in front of the camera, paper in hand like a TV reporter, outside 
her sister’s closed bedroom door. She knocks on the door: no answer]: “Miss 
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Who Cares. Rebecca doesn’t even care how much she uses. She just sleeps in 
the cold air that my father pays for” (Daughter- 13y.o.: Family 6).  
 
In this family, the 13 year old daughter took the task of the self-authored video upon 
herself and was often the one either in front or behind the camera, pointing it at 
sometimes reluctant family members and asking the questions. In this case above, it 
is seen in particular how the eco-feedback device is “made at home” [26] in the 
family conversation, used in contests and alliances, with this younger sister 
expressing both disdain for the older sister and alliance with the father at the same 
time.  
 
8.4.4 Barriers to behaviour change: Family dynamics and convenience 
Family dynamics as a barrier to behaviour change 
For those families with a clear agenda to “make sure these rug-rats tow the line” 
(Husband, Family 6), the Ecosphere did not appear to assist parents in persuading 
their children to reduce energy consumption. For instance, it appeared that fathers 
who had long been trying to persuade their children not to use the air conditioning 
were no closer to succeeding in this quest; despite the fact they were now able to 
quantify the exact cost to them. It also became clear that their children who they 
were trying to persuade had little interest in the Ecosphere themselves. For instance 
rather than prompting her to change her energy use behaviour, the net result of the 
Ecosphere in the eyes of Family 11’s adult daughter was simply that: “Dad’s a lot 
more anal now that we’ve got this thing” (Daughter, early 20’s: Family 11). Despite 
her parents now being able to see when she used the air conditioning when home 
alone, this did not act as a disincentive to use it on a hot day. Ironically, in one 
situation (Family 1) the Ecosphere appeared to have validated an even higher amount 
of air conditioning use. This was due to the husband using the Ecosphere to 
determine that the amount of energy drawn by the air conditioning was amply 
covered by the amount of power produced from their solar panels.  
 
Convenience as a barrier to behaviour change 
Opportunities for energy savings presented by the Ecosphere did not appear likely to 
override convenience. The Grandmother in Family 3 was responsible for the family’s 
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laundry. She spoke of how her son had explained to her how it was better to do the 
washing at night, in order to maximise the feed-in tariff from their solar panels. 
However this was not always convenient for her to do:  
 
[Taken from interview with Grandmother; Family opted for interview instead 
of creating self-authored videos]: “Sometimes I do, but it doesn’t always 
work out that way, so it’s early in the morning most times, or occasionally I’ll 
do it at night depending on what load I’ve got” (Grandmother: Family 3).  
 
Similarly, the husband of Family 7 noted in his video how the Ecosphere had made 
him and his wife more conscious of their power usage. Interestingly, however, when 
researchers visited the following week to pick up the cameras, his wife admitted that 
since the arrival of their first baby three months ago, that they had all but abandoned 
worrying about what how much energy they were using. Thus for this family, the 
imperative of comfort and convenience for the mother and baby far outweighed any 
consideration of saving energy.  
 
8.4.5 Satisfaction and reassurance 
Finally, in addition to themes more commonly associated with eco-feedback such as 
sustainable behaviour change, we found the Ecosphere provoked feelings of 
satisfaction and reassurance among certain users. For example several regular users 
of the Ecosphere related the considerable level of satisfaction they derived from 
being able to reconcile their own activities with deviations on the daily comparison 
graphs (refer Figure 8-4- Reconciling her consumption- Family 2): 
 
“This is the good thing so you can actually come out and you can analyse 
where it is that you’ve got your peak usage, so that will be the hair dryer 
drying my hair and that would be the blender, the pink one will be using the 
blender” (Single occupant: Family 2). 
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Figure 8-4- Reconciling her consumption- Family 2 
 
The purpose of such close monitoring of everyday activities for this participant 
appeared to be less about identifying inefficiencies, as about the simple satisfaction 
that this type of reconciliation provided. Despite the Ecosphere providing 
information in kilowatt hours rather than dollar values, the husband of Family 9 
converted his energy use into dollars with a pocket calculator and as a result was able 
to predict his quarterly electricity bill with some accuracy.  
 
[Camera pointing at Ecosphere, close up] “We punch in the numbers 
according to that (the Ecosphere) and it was about $1.74 out for a 3 month 
period… So like I rely on it now, to know exactly where we’re at” (Husband: 
Family 9) 
 
For this family who had recently been reduced to a single income, the Ecosphere 
provided a sense of reassurance at being able to accurately predict an important part 
of their household expenditure. Similarly, although spouses of those “responsible” 
for energy management were less likely to use the Ecosphere themselves, the fact 
that their husbands or wives were learning useful things and were “in overall control 
of it all” (Wife: Family 11) provided them with a certain level of reassurance.  
 
8.5 DISCUSSION 
This paper joins a growing body of literature seeking to explore what people do with 
eco-feedback technology, rather than what it can do to people [20, 27]. Our study 
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represents one of only a handful of studies which specifically attempts to include all 
the members of participating families in the discussion of eco-feedback [1, 17, 23, 
33]. This provides a more holistic picture of how use of eco-feedback differs among 
the whole family, rather than concentrating on the experiences of those who use it 
most. Furthermore, it illustrates how eco-feedback is absorbed into existing family 
relations, contests and alliances, which may serve to diminish or undermine the use 
of the eco-feedback device. To these ends we address a methodological concern 
raised by Strengers [33] regarding the dominant method of eco-feedback appraisal 
and how family dynamics serve to shape and affect energy use in the home. Our 
method of self-authored video proved valuable in gathering opinions of all (willing) 
members of a family and providing a more holistic overview of use. Generally 
households were willing to help and voluntarily placed themselves in front of the 
camera, however some individually family members were not overly impressed by 
their spouse or child pointing a camera at their face. This is unlike Bourgeois et al. 
[4] where none of their participants used the video camera deployed as part of their 
technology probe. 
 
Our findings that the Ecosphere was engaging, informative and well used by 
technically minded (often male) members of the households and of less interest to 
women, are consistent with recent authors [20, 33]. We argue here that the 
differential in use observed is not a function of exclusion or control, but is more 
closely related to effective labour divisions. The Ecosphere simply became the 
responsibility of a particular family member. This notion of responsibility extended 
as far as other members of a family assuming we would not want their opinion 
because they did not use the eco-feedback. This was despite specific requests for 
participation by all family members. How householders assume responsibility for 
matters of energy management eco-feedback and how responsibility shapes use 
within the family represents a compelling area for further research.  
 
8.5.1 Eco-feedback and children – Stop checking up on me! 
Our novel methodology provided a limited, but nonetheless important insight into 
how children oriented themselves towards eco-feedback. Unlike the prototype of 
[17], the Ecosphere was not designed with the intention of engaging children in any 
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way. Despite this, young children were reported to enjoy looking at it and 
communicating information to other family members. It is perhaps unsurprising that 
most teenage and adult children (none of whom contributed financially to their 
parents’ utility bills) were apathetic towards the Ecosphere. However, our study 
highlights the potential for this disinterest to extend to resentment if the eco-feedback 
is used to “check up” on them or invade their privacy. While privacy is discussed in 
some detail in the context of smart meters and electricity information being 
transmitted off-site, these forms of intra-familial privacy breaches as a result of eco-
feedback are not discussed in detail in the current literature. For example, can the 
Ecosphere be used by parents to check whether their children have skipped school? 
What are their childrens’ attitudes to this? The ways that privacy affects the use and 
appropriation of eco-feedback is an area deserving of future work in HCI. More 
generally, children of all ages are conspicuously absent as participants in eco-
feedback studies, with very few exceptions [17] and we consider better integrating 
children in eco-feedback discussions and design to be an equal priority for future 
research.  
 
8.5.2 Family dynamics complicating economically rational actors 
It is apparent that eco-feedback plays an important role in visualising what is 
typically an invisible quantity and can provide households with useful information on 
their electricity consumption. It is also clear that certain people become more 
motivated to save energy when their energy use is made visible to them. However, 
despite the best intentions of some of the dominant users of the Ecosphere to change 
their families’ behaviour, the messiness of everyday life and the existing family 
dynamics appeared to get in the way of their own economically rational preferences. 
In agreement with Sacks commentary on the appropriation of technology in the home 
[26], the Ecosphere did not change the way the families operated, rather, the devices 
slotted into existing family dynamics and were often mobilised to emphasise 
different family alliances and divisions. For example, in Family 11, as much as the 
father may have used the Ecosphere to emphasise his views on air conditioning use, 
it was simply insufficient reason for his daughter to abstain from using it on a hot 
day when she was at home alone and contributed to her feelings of resentment of 
being monitored. While teenagers and young-adult children arguably don't have a 
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right to private consumption of a good that someone else is paying for, there may be 
much better ways to incentivise these groups than through monitoring or policing. 
Our findings provide further reinforcement against the assumption that by providing 
households with better awareness of their energy consumption, they will make 
rational decisions towards lowering it [19, 32, 33].  
 
8.5.3 Approaching the limits of behaviour change 
There is no shortage of useful suggestions for the design of eco-feedback in the 
literature. This includes how to design eco-feedback such that behaviour change and 
energy savings are maximised [13, 14]; and suggestions for how eco-feedback may 
be designed to better support households in learning about their energy consumption 
and improving energy literacy [27]. Despite the validity of these suggestions, we 
argue that as long as one family member is identified by their family as “responsible” 
for matters related to energy consumption; as long as electricity is conceptualised as 
“dad’s electricity”; that any eco-feedback deployment will still fall short of inclusive 
use. That is to say that while it will still be very useful and engaging for the 
technically minded, these family members will still face the same challenges they 
already do in terms of “educating” their family or encouraging them to change their 
behaviour. Similarly, energy conservations practices will be no less likely to go out 
the window with major life changes such as the arrival of a new baby. Perhaps 
controversially, therefore, we believe that modern forms of eco-feedback which are 
capable of graphs, goal-setting and circuit/appliance-specific comparisons, are 
already nearing the limits of their potential utility in their current form.  
 
8.5.4 New research directions beyond behaviour change: Design for effective 
family relations around energy use 
In response to this, rather than provide suggestions for how conventional eco-
feedback may be designed to more effectively change behaviour, we consider an 
even greater contribution to design may be achieved by looking at alternative roles 
for eco-feedback systems in the family. For example, the Whereabouts Clock- an 
awareness system for the location of household occupants- was found to evoke 
feelings of reassurance and togetherness among its hosts [6]. By confirming what 
was already assumed about the whereabouts of family members (at school or work), 
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the clock served to reassure and satisfy its users that “all’s right with the world” [6, 
pp.362]. Although in a different context, we also observed that the Ecosphere 
provided feelings of satisfaction and reassurance; satisfaction in being able to relate 
their various activities to movement on the graphs; and reassurance that they could 
predict their next bill and budget accordingly. These are important roles that eco-
feedback plays, but that are also not yet explored in this context in the literature to 
date. We consider there is potential scope for eco-feedback fulfilling alternative roles 
for example fostering togetherness among separately located families or better 
engaging apathetic teenagers and explain these in the following paragraphs.  
 
Fostering togetherness among separately located family 
To what extent could families’ eco-feedback information reassure not only 
immediate family members, but also members of the same family living separately? 
Joining HCI work seeking to connect remote family [3, 22], Brereton [5] poses the 
idea of “messaging kettles”- alerting a family when their independently living elder 
relative boils their kettle and vice versa as means of mutual engagement. Taking this 
idea one step further, could sharing eco-feedback information provide even greater 
benefits in similar situations of separately located elder relatives? For the family this 
could provide an indication of whether their elder relative is up and about, whether 
they have the air conditioner on during a hot day or whether they have left the oven 
on by mistake. For the elder relative, this may represent a connection to family; a 
reassurance that their son or daughter’s family is home, cooking dinner or using the 
computer; a connection which may go some distance toward alleviating feelings of 
isolation or loneliness.  
 
Engaging teenagers 
Our findings suggest that fathers monitoring or “policing” the air conditioning at best 
had limited effect on their childrens’ energy usage behaviour and at worst created 
feelings of resentment and being watched. We suggest therefore that a design brief 
for eco-feedback could be to incentivise engagement by teenagers in energy matters 
whilst maintaining their individual privacy. A design concept could entail the eco-
feedback system hiding the teenagers’ rooms’ air conditioning and other appliance 
use from the daily consumption graphs unless it reaches a certain “tell-all” threshold. 
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Eco-feedback could foster collusion by siblings against their energy conscious 
fathers, for example allowing children’s bedrooms to trade energy with each other in 
order to stay under this threshold and avoid the wrath of their father. Another 
approach might be simply to incentivise a teenager by giving them a fraction of the 
cost savings based on a negotiated target.  
 
We make both of these above suggestions with caution. Each one is an attempt by 
design to enter into the family network of relations, and it may not be easy to predict 
which contests and alliances will be mobilised by any particular design approach. 
The point is that we need to understand eco-feedback design in the context of family 
relations, and that tapping into the relations in an effective way is likely to be a 
productive path forward. In summary, we believe more attention by designers is 
warranted in understanding and designing for the different family relationships that 
technology could support, instead of falling back on the police-style monitoring 
relationship to which much eco-feedback is conducive. Expanding the scope for eco-
feedback research in the ways we set out may be a means of extending the benefits of 
eco-feedback beyond those already realised in the literature.  
 
8.6 CONCLUSION 
This study has explored the changes and tensions experienced when an eco-feedback 
system enters into the network of family relationships. The use of self-authored video 
allowed us a unique window into the family home without the intrusion of 
researchers’ presence. This provided useful insight into the social context of energy 
and eco-feedback use by the family and the ways in which family dynamics affected 
use. Our findings confirm that awareness of energy consumption alone is not a 
reliable predictor of sustainable behaviour change and that existing family dynamics 
can serve to complicate or negate otherwise rational energy saving intentions. This 
reinforces the importance of eco-feedback design looking beyond users as 
economically rational actors [33] and focusing instead on the family relationships 
and dynamics into which they are entering [34]. To this end we have highlighted 
possible research agendas for eco-feedback beyond behaviour change such as 
fostering togetherness amongst dispersed families and bridging the divide between 
apathetic teenagers and their energy-policing fathers. Our intention is to further 
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explore these avenues in our future work and we encourage others to join us in 
exploring in this direction.  
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 Chapter 9: Conclusions 
The aim of this research was to observe how people orient towards energy 
consumption information and eco-feedback and to use these observations to evaluate 
how design can facilitate user engagement and expand the relevance of eco-feedback 
in the home. The objectives were to: (1) understand how energy consumption is 
enacted through familial and social routines; (2) understand how energy monitoring 
technology such as eco-feedback is appropriated into the household and how it is 
used (or not used) by different family members; (3) understand when and why people 
share different aspects of their energy consumption information with others both 
within and beyond the home; (4) understand whether and in what way energy 
consumption information may give rise to concerns over privacy; and, generally, to 
determine how design might best address these concerns. To meet these aims and 
objectives, a bottom-up, human-centred approach incorporating video has been 
adopted. This has represented an active attempt to view energy use through the eyes 
of the family and as embodied in heterogeneous individual and familial practices 
rather than quantitative aggregates. Following previous human-centred work on eco-
feedback in the home (Hargreaves et al. 2010, 2013, Grønhøj and Thøgersen  2011, 
Pink et al. 2013, Strengers 2011, 2013, Schwartz et al. 2013a, 2013b), the focus of 
the research has been on what people do with eco-feedback rather than what eco-
feedback can do to people. While it is clear that eco-feedback technology goes some 
distance to address the entrenched perceptions of electricity being invisible and 
limitless; it is also clear that eco-feedback in its current forms falls short of 
comprehensively engaging families with their energy consumption or fostering 
sustainable behaviour changes over the long term. A number of implications and 
recommendations for the design of eco-feedback and future research that have been 
proposed throughout the previous chapters are summarised below in this chapter.  
 
9.1 RESPONSE TO THE RESEARCH QUESTION 
This thesis has attempted to address the question: “How can design best 
engage people with energy consumption information, making feedback more relevant 
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to home occupants?” The purpose of this section is to briefly provide a response to 
this question, referring back to the Chapters of the thesis from which the findings 
were originally drawn. 
Firstly, the thesis illustrated that many people are not well engaged with their 
energy consumption, due in part to a lack of information on the amount of energy 
used and the factors affecting this consumption (Chapter 2). Where eco-feedback has 
been installed, in many cases householder engagement with it does not persist 
beyond an initial ‘novelty’ phase (Chapter 7). In terms of design better engaging 
people and increasing the relevance of eco-feedback in the home, it was determined 
in Chapter 7 that effort should be spent towards designing specifically for the 
different phases of engagement with technology over time. That rather than 
attempting to maintain attention by simply plying householders with new 
information, the eco-feedback should act more like a dashboard; glance-able, not 
requiring constant attention and remaining useful to the family well after the factors 
affecting consumption have been learned. This information could additionally be 
complemented by less frequent (e.g. fortnightly) consumption ‘bulletins’ emailed or 
delivered to families in a similar way to existing electricity bills (Chapter 7). This is 
revisited in better detail below in Section 9.2.3. 
Another means of engaging occupants and extending the relevance of eco-
feedback suggested by this thesis is appealing more directly to children. At present, 
much eco-feedback is designed for bill-paying adults, despite the technology being 
family-situated. This research found that although some children did not care for it, 
others were very interested in their family’s eco-feedback and had much to 
contribute to the research (Chapter 8). This thesis has argued the relevance of eco-
feedback can be extended by identifying and engaging children of all ages as 
meaningful contributors of a family and to their energy consumption decisions. One 
example is appealing to the power relations we observed between energy conscious 
parents and their older children, for example allowing the children to hide their 
consumption from their parents, perhaps until a certain ‘tell-all’ threshold is reached 
(Chapter 8).  
Finally, this thesis has identified how a family-situated, whole-of-family 
approach to design is important in realising engagement and extending the relevance 
of eco-feedback in the home. By taking a specifically ‘whole-of-family’ approach, 
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this thesis has highlighted the importance of understanding and designing eco-
feedback for the whole family in which the eco-feedback is situated, rather than only 
for those “responsible” for energy consumption. This family-centred approach has 
uncovered the different roles eco-feedback plays (and could potentially play) in the 
home, quite apart from simply providing information on energy consumption and 
how design may foster these alternative roles (Chapter 8).  
 
9.2 IMPLICATIONS FOR THE DESIGN OF ECO-FEEDBACK 
Beyond providing a response to the initial research question (Section 9.1), this thesis 
contributes to the design of eco-feedback and to Human-Computer Interaction 
research more broadly by: 
• Providing implications for how design might better facilitate the sharing of 
information related to energy consumption 
• Providing implications for preserving user privacy in the new paradigm of 
visible and sharable energy use information 
• Providing implications for the design of eco-feedback for maintaining 
engagement over the long-term 
• Providing a framework and a novel methodology for more inclusive whole-
of-family engagement in eco-feedback design and research 
• Providing suggestions for reframing and extending research on eco-feedback  
 
These implications are outlined in detail throughout the remainder of this chapter.  
 
9.2.1 Implications for how design might better facilitate the sharing of 
information related to energy consumption 
Sharing information related to energy consumption on a social basis is likely to 
become substantially more commonplace in the future and is considered to provide 
potential for user engagement (Petkov et al. 2011). Social connections are already an 
important source of information on energy. Darby (2006) for example found friends 
and neighbours to be the common source of energy-related matters after energy 
utilities and energy labels. Studies such as Foster et al. (2010), Mankoff et al. (2010) 
and Petkov et al. (2011) also demonstrate a willingness to share and an enjoyment 
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gained from people sharing energy-related information with each other over social 
media. From a design perspective, this thesis has taken the position that in order to 
understand how people may be willing to share energy-related information in the 
future of more visible, sharable electricity, it is helpful to observe existing practices 
of sharing this type of information in the absence of smart meters or eco-feedback. 
This thesis found that while people enjoyed sharing information related to electrical 
appliances in a social context; details of the electricity bill itself were seldom shared 
beyond the walls of the home.  Participants enjoyed and reported benefits from 
sharing information related to electrical appliances, but this sharing was in the 
context of usability, functionality and the practice which the appliance corresponded 
to, rather than the energy consumption of the appliance.  
 
In agreement with Pierce and Paulos (2010, 2011) and with Strengers (2008, 2013), 
it was identified that design attention for eco-feedback may be better focussed on the 
relative contribution of different practices on a family’s energy consumption (for 
example how much energy is used in the process of cooking versus laundering), 
rather than quantifying consumption on a per-circuit or whole-of-house level. This 
brings understandings of energy consumption itself closer to the practices and 
appliances which create it and may serve to ensure that energy consumption is more 
easily integrated into everyday conversations and shared with others. This is also a 
potential means of bypassing the disinterest expressed by some participants in this 
research and those of other research (for example Schwartz et al. 2013b) in 
comparing their consumption to statistically similar households due to the 
differences in household infrastructure making it difficult to achieve a fair 
comparison. 
 
In terms of facilitating a greater level of sharing eco-feedback and energy 
consumption information, this thesis has suggested that designers of eco-feedback 
should encourage sharing in the forms that it already takes place, i.e. between friends 
and family through existing communications channels, rather than attempting to 
incorporate a specific sharing function into eco-feedback systems. This research 
suggests that practice-based eco-feedback information shared between friends and 
family through existing communications channels also holds potential for fostering 
engagement and realising the benefits of socially sharing energy use information 
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such as energy literacy (Darby 2006), engagement with energy use and potentially 
behaviour change (Foster et al. 2010, Petkov et al. 2011). 
 
9.2.2 Implications for exploring and preserving privacy in the new paradigm of 
visible and sharable energy use information 
Electricity consumption information is becoming increasingly detailed and easier to 
share in its different forms. Yet simultaneously, as the granularity of consumption 
information increases, so too does the amount of information which can be gleaned 
about an individual or family’s activities through analysis of their energy use. This 
research provides a useful contribution to the literature on eco-feedback through 
Chapter 6; the first paper (to the best of our knowledge) with an explicit focus on 
eco-feedback privacy issues, as opposed to treating privacy only as an afterthought or 
“an important area for future work” (Froehlich et al. 2012, pp.9). 
 
This research explored perceptions of privacy among participants by attempting to 
develop an understanding of what information they would be willing to share and 
with whom. It was discovered, however, that this approach was of limited use; that a 
participant’s willingness to share information did not necessarily indicate the absence 
of potential privacy concerns later on and that users generally are very poorly placed 
to anticipate potential privacy breaches prior to their occurrence.  The research found 
that studying privacy through lived experience of a system or prototype offers many 
advantages over exploring privacy as a function of more hypothetical ‘willingness to 
share’. As such, one implication of this research is that privacy in relation to eco-
feedback should be investigated in the context of actual lived experiences of the 
technology in the wild. HCI and Participatory Design’s advantage of prototyping 
different futures with research participants (Froehlich et al. 2010, Rodden et al. 2013) 
allows a greater potential for researchers to discover privacy concerns as they arise in 
practice, as this research did in Chapter 6.  
 
Building on Section 9.2.1, an implication provided by this thesis for design is the 
need for designers to facilitate the benefits of socially sharing energy consumption 
information such as energy literacy (Darby 2006), engagement and competition 
(Foster et al. 2010, Petkov et al. 2011) while allowing people to preserve their 
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individually variable conceptions of adequate privacy. The thesis supports Dourish 
and Anderson (2006) in their assertion of the need to consider privacy not as a set of 
rules or requirements, but in the context of how social action is sustained and 
reproduced; through ‘collective information practices’. A key recommendation made 
in Chapter 6 of this thesis is ensuring eco-feedback provides participants the ability 
to ‘censor’ the information that they share with others. One means of achieving this 
is mirroring the collective information practices of how users already share personal 
information over social networks. Waters and Ackerman (2011) found the existing 
collective information practices of sharing information on Facebook were that rather 
than using Facebook’s privacy aettings to modify which friends they shared their 
content with, users instead censored the content of their posts such that the posts 
were considered acceptable to all their network of friends. For this reason, rather 
than encouraging participants to attempt to control who their information is shared 
with, participants should instead be able to censor their eco-feedback data. In 
Chapter 6, this thesis suggests one means of achieving this is affording participants 
the ability to create and manipulate ‘packets’ of consumption data which they are 
comfortable sharing with anyone, as opposed to sharing more sensitive consumption 
aggregates or attempting to control who this information is shared with. This 
represents somewhat of a marriage of the existing collective information practices of 
sharing that occur on social media already (Waters and Ackerman 2011) with the 
emerging concept of sharing electricity-related information online; thereby 
encouraging people to share while affording them better control over what is shared. 
 
A second implication related to future research is the need to extend privacy-related 
design enquiries towards intra-familial privacy breaches. Through this research it has 
been established that traditional methods of enquiry such as single participant 
interviews are unlikely to discover the different conceptions of adequate privacy that 
exist within a family. For example certain energy-related information which is useful 
to a father may be considered private or incriminating by his teenage children. 
Instead, research should focus on integrating the whole family in privacy-related 
research. Towards this goal, this thesis has advocated the novel methodology of self-
authored video interviews (described in Chapters 3 and 8) as a useful means of 
establishing a more holistic definition of privacy in the home. 
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A third and final implication for future privacy research is the need to understand the 
relationship between privacy and energy consumption as fluid and bi-directional. 
While it is understood how privacy concerns may arise out of energy consumption 
information, Chapter 8 of this research demonstrates the potential for existing 
privacy concerns to affect energy consumption itself. 
 
In summary, all the design implications offered by this research point to the fact that 
privacy in relation to eco-feedback should no longer be treated as ‘design 
considerations’ or afterthoughts, but be integrated as early as possible in the design 
process. 
 
9.2.3 Implications for the design of eco-feedback for engagement over the long-
term 
Eco-feedback represents one of many ubiquitous computing technologies in the 
home vying for users’ attention, alongside entertainment technologies and a growing 
range of personal informatics hardware and information (Li et al. 2011, Burns et al. 
2012). This research found that that despite a high initial reported interest in eco-
feedback and the data it provided, some systems became backgrounded over time. 
Householders tended to lose interest in their eco-feedback after the factors affecting 
their consumption had been learned and the easily-modified behaviour or 
infrastructure changes had been addressed. It was also identified that simply being 
made aware of their consumption was not often sufficient enough motivation for 
people to change their behaviour. These findings are in agreement with a growing 
body of literature addressing eco-feedback use over the longer term which finds that 
initial energy savings are not always durable over time (van Dam et al. 2010, 
Erickson et al. 2013, Hargreaves et al. 2013) and with Soufolis (2005) who argues 
that awareness is not a sufficient condition for behaviour change.  
 
A contribution made by this research in Chapter 7 is the identification of the need to 
design eco-feedback specifically for long term use. Design needs to be sensitive to 
the different phases of engagement with technology over time, namely the Discovery 
and Maintenance Phases (Li et al. 2011). While much eco-feedback already caters 
for the initial Discovery Phase and for those users who are fascinated and motivated 
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by data on personal parameters, less research is concerned with the role eco-feedback 
plays in the home after the initial novelty has worn off. The suggestion made by this 
thesis is that maintaining engagement in the long term should entail the provision of 
less information rather than more information.  One example of this is 
complementing eco-feedback with infrequent consumption bulletins or mock utility 
bills once per fortnight via email or social comparison, which provides general 
information on total consumption over that period in the same manner as the 
quarterly bill. This provides a more realistic possibility for engagement with energy 
consumption over months or years as opposed to attempting to retain the novelty of 
eco-feedback by continually plying the user with new information.   
 
This research finds the backgrounding of eco-feedback is a largely inevitable 
process; that there are limits to the amount of energy any household can save through 
eco-feedback and there is a limit to the amount of time that any eco-feedback can 
command a household or an individual’s attention. In the long term, while eco-
feedback should still be capable of providing detailed consumption information for 
reference or troubleshooting, meaningful user-engagement over the longer term 
necessarily entails a change in the purpose of eco-feedback towards more of a 
glance-able dashboard rather than a continually engaging information provider.  
 
In relation to engagement more generally, this thesis has also discussed the 
possibility of users’ engagement or disengagement with eco-feedback being 
influenced by matters unrelated to the design of the interface. Chapter 7 of this thesis 
outlined the high level of disengagement observed among owners of the simple 
energy monitors which 18 of the 23 Brisbane participants were in possession of at 
the time of the interviews. Due to the simple digital nature and limited capabilities of 
the monitors, it was initially assumed by the research team that the disengagement 
was a product of the poor interface design. When questioned, however, some 
participants expressed opinions suggesting that their disengagement was derived 
from factors unrelated to the interface or its design such as personal perceptions and 
pre-conceptions of the “purpose” of the monitors. While eco-feedback is commonly 
framed in the literature as a form of persuasive technology and design implications 
often centre upon motivating and maximising energy savings amongst users (Fisher 
2008, Froehlich et al. 2010), it is notable that some participants who perceived the 
Chapter 9: Conclusions 191 
 192 
energy monitors to be persuasive technology did not use them for this very reason. 
They felt they knew enough about energy saving, or simply did not want to be told 
what to do, despite the monitors not having any capability for suggestion or 
instruction. Others simply did not wish to be engaged with their electricity 
consumption, given their lack of interest, busy schedule or other priorities. 
 
As such, further research into the origins of this conceptualisation is required. For 
example, what effect do different marketing strategies and other social factors such 
as conversations with salespeople or installing electricians have on the formulation of 
perceptions of eco-feedback by users? In this instance we believe that the problem of 
disengagement is not simply an interface design problem and that processes prior to 
installation may have an effect on the use of eco-feedback once it is installed. Much 
further research is warranted in this area and this finding provides further support for 
the need to extend eco-feedback enquiry beyond traditional boundaries (discussed 
further in Section 9.2.5).   
 
9.2.4 Providing a framework and a novel methodology for more inclusive 
whole-of-family engagement in eco-feedback design and research 
This thesis has contributed to research on eco-feedback by demonstrating the value 
of including all family members in research efforts. Including only one family 
member runs the risk of biasing the sample towards opinions from only the lead-
users in each family at the expense of a more holistic understanding of use in the 
home and how family dynamics affect use. In agreement with Strengers (2013), this 
research identifies the possibility that the dominant user of the eco-feedback may be 
disconnected from the everyday practices which generate energy consumption in the 
first place. As long as eco-feedback is conceptualised as one specific person’s 
“responsibility”, the potential for whole-of-family engagement and the potential for 
behaviour change is compromised. As such, Chapter 8 advocates a whole-of-family 
approach as a useful means of gaining access into the effect of eco-feedback on 
families and the effect of families on the use of their eco-feedback.  
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Self-authored video interviews 
This research has contributed a novel methodology towards this aim of better 
understanding how energy consumption and eco-feedback interactions are mediated 
by family dynamics: Self-authored video interviews were found to provide a useful 
means of integrating the whole family in the research, allowing individuals to direct 
the focus of the videos towards what they deem to be important as opposed to what 
the researcher considers important. This process was useful in uncovering the taken-
for-granted assumptions made by participants, for example the 13 year old girl 
unthinkingly referring to “dad’s electricity” in Chapter 8. This method was also a 
useful means of bypassing the logistical issues highlighted by Strengers (2013) 
associated with arranging a time that busy families can all be at home 
simultaneously.  
 
9.2.5 Re-framing and extending eco-feedback research 
This thesis has focussed on eco-feedback and more particularly on how householders 
use and engage with their eco-feedback devices. Yet many of the key findings of this 
research do not paint eco-feedback in an overly positive light when compared to 
conventional metrics for success such as engagement (Schwartz et al. 2013) and 
behaviour change (Fischer 2008, Froehlich et al. 2010), for example: (1) the eco-
feedback often failed to maintain user engagement over longer timescales; (2) eco-
feedback usage was not generally consistent among household members; (3) family 
dynamics and the messiness of everyday life at times served to complicate or negate 
otherwise rational energy saving possibilities presented by eco-feedback and; (4) 
relatively little evidence emerged of lasting sustainable behaviour changes made as a 
result of the eco-feedback.  
 
It is important to recognise, however, that eco-feedback represents only one facet of 
a wide array of new technology and infrastructure likely to become synonymous with 
domestic energy consumption in coming years, for example: smart meters 
transmitting consumption information to smart grids, alternative tariff structures for 
electricity pricing based on time of day or network demand and home automation 
systems capable of automating appliances and making efficiency decisions for 
householders living in increasingly “smart” homes (Darby 2010, Strengers 2013, 
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Costanza et al. 2014). Eco-feedback alone should not be seen as a panacea for user-
engagement or behaviour change and further work examining the use of eco-
feedback in conjunction with other smart energy infrastructure is warranted (see for 
example Faruquai et al. 2010, Strengers 2013, Rodden et al. 2013). This thesis makes 
the suggestion that eco-feedback in its current form, when deployed alone, may be 
nearing the limits of its potential for engagement and behaviour change. This should 
not be read as a criticism of eco-feedback, only an acknowledgement of its limits 
when deployed independently in its current form and a caution against viewing eco-
feedback as a universal solution for sustainable behaviour change or for engaging 
people with their energy use.  
 
On the other hand, despite the eco-feedback systems in this research not always 
performing strongly according to commonly applied criteria for success, eco-
feedback was found to support people in unexpected ways such as providing users 
with satisfaction, reassurance and togetherness. In response, additional to the 
previous design suggestions made by this thesis in regard to sharing (refer Sections 
5.3 and 9.2.1), privacy (refer Sections 6.5.3 and 9.2.2), maintaining user engagement 
(refer Sections 7.4.3 and 9.2.3) and fostering whole-of-family participation (refer 
Sections 8.3.4 and 9.2.4), the research has outlined suggestions for how these 
alternative functions of eco-feedback may be taken further and how eco-feedback 
may be able to foster feelings of reassurance and togetherness among separately 
located families and better engage apathetic teenagers in matters of energy use in the 
home. 
 
Reassurance and togetherness 
One suggestion for how eco-feedback may better support families, specifically, 
support relations between families and their separately living elder relative(s) 
(outlined in Chapter 8) was the sharing of energy use information through eco-
feedback. It was considered that sharing aspects of a families’ energy use 
information with their separately living elder relative and visa-versa, may provide a 
remote yet unobtrusive insight into the different activities occurring in the respective 
homes, potentially fostering feelings of reassurance and togetherness as well as an 
indication of when might be an appropriate time to phone or Skype. Additionally for 
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the family, the link may provide the benefit of indicating whether their elder relative 
had unintentionally left appliances on which may pose a safety risk. The larger 
design framing then is of incorporating eco-feedback into social interaction.   
 
Engaging teenagers 
As mentioned in Section 8.5.4, although some of the older children in our study were 
generally apathetic towards energy use (to which they did not contribute financially), 
the parental monitoring afforded by eco-feedback served to cause resentment at 
being watched. For this reason it suggested that an eco-feedback design concept 
might entail allowing children to hide their personal consumption from the daily 
consumption readings provided they remain below a certain pre-set threshold. In this 
scenario siblings may be able to trade energy credits to ensure they remain invisible 
to their parents’ eco-feedback displays. This idea relates to gamification efforts on 
eco-feedback such as Mankoff et al. (2010) and Spagnolli et al. (2011). The 
emphasis in this instance, however, would be less concerned with persuading users to 
use less and more concerned with stimulating cooperation, engagement and learning 
among children and their families and inspiring conversation around energy use. 
While it is beyond the scope of this thesis to discuss the potential for gamification 
further in this context, children remain conspicuously absent as focal points for eco-
feedback literature and we advocate the gamification of eco-feedback in this way as a 
suitable target for future research.  
 
Of importance to both these suggestions is the need to interpret them simply as 
suggestions and not as specific recommendations for design. Both suggestions in 
their current form give rise to a number of ethical and privacy issues; for example, 
when sharing eco-feedback between extended families, both parties should be 
provided with the opportunity to define what eco-feedback information is shared. 
Such a design also needs to focus on ensuring reciprocity, such that the elder relative 
feels better connected to their family without feeling monitored or watched. This 
means better connecting and reassuring family members in a similar vein to the 
Whereabouts Clock (Brown et al. 2007, refer Chapter 8), rather than any attempt at 
using eco-feedback as a means of monitoring the elderly, for example Jansen and 
Deklerck (2006). 
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More generally, however, the chief point to be made here is that despite the 
contention by this thesis that eco-feedback is nearing the limits of “success” when 
success is defined by behaviour change and persuasion; opportunities exist for 
broadening the scope of “successful” eco-feedback toward other fruitful ends such as 
fostering engagement, reassurance and togetherness. Aspects of sharing, privacy, 
social relationships and connectedness all represent important leverage points for 
design and here we have provided two examples for how designs might emanate 
from working from these leverage points. In doing this we attempt to further the aims 
of Brown et al. (2007) who highlight the need to emphasise“...aspects of family life 
frequently neglected in Ubicomp (HCI), such as the ways in which families’ 
awareness of each others’ activities contributes to a sense of a family’s identity” 
(Brown et al. 2007, pp.354). Re-framing the metrics of “success” of eco-feedback in 
these ways provides many compelling areas for further research. 
 
9.3 REFLECTIONS ON THE RESEARCH PROCESS 
This thesis reports on findings from a bottom-up human-centric study of energy use 
and eco-feedback in the home. Not surprisingly, the research process did not 
progress exactly as per the original intentions and the purpose of this section is to 
discuss a number of reflections on the research process made as a result. Key 
reflections include:  
 
1. Identifying privacy and trust as pervasive across contexts  
2. The importance of a whole-of-family approach 
3. The value of disconnect between researchers and the research artefact 
4. Not immediately blaming the research artefact for poor performance 
 
These reflections are discussed briefly below, as are recommendations for further 
research. 
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9.3.1 Identifying privacy and trust as pervasive across contexts 
Privacy and trust were not originally anticipated as key concerns in relation to eco-
feedback at the outset of the research process and thus were not an original focus of 
the research. During the research process however, privacy emerged organically in 
unexpected contexts, prompting a partial re-direction of the focus of the research and 
the dedication of a chapter of this thesis for discussion on the topic. Of particular 
interest was the number of contexts in which privacy- related issues arose: 
 
• Participant–researcher interaction: i.e. unease by some participants at 
being filmed caused a reconsideration of the video ‘tour’ methodology. 
• Eco-feedback privacy within the home: i.e. parents checking up on their 
childrens’ energy use 
• Eco-feedback privacy beyond the home: i.e. embarrassment caused by loss 
of control of personal information once shared beyond the home  
• Technical: i.e. concerns amongst some participants in relation to a (1) the 
possibility of sharing information via “easy to hack” blue-tooth or Wifi, and; 
(2) reservations with sharing anonymised eco-feedback information with the 
eco-feedback installation company 
• Distrust of energy utilities: many Brisbane participants commented on their 
general distrust of the energy utilities that provided them with power. 
 
In response to the emergence of privacy in its different forms as such a pervasive 
concern, the research direction was amended to provide a more direct focus on 
privacy in relation to energy consumption and eco-feedback. Because of this, we re-
emphasise our earlier assertion that privacy should be considered a fundamental 
agenda of all domestic-related research; something to be incorporated from the early 
stages of the design process rather than a late-design consideration or retrofit.  
 
9.3.2 The importance of a whole-of-family approach 
The qualitative interviewing process initially began with semi-structured interviews 
with one member of the household. During the interviews, however, it became 
apparent that the views and assumptions of the interviewed participant were 
sometimes highly inconsistent with those of their co-inhabitants. For example: 
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Interviewer: (Asks question about privacy related to energy consumption) 
 
Participant A: Yeah I guess I wouldn’t want people to know how much the bill 
cost..... 
 
Participant A’s husband (who arrived home from work mid-interview): I’ve got 
no problems with it at all. None at all. 
 
Interviewer: The bedroom which has the air conditioner, how much is that air con 
used?  
 
Participant B: [Answers question, then:]  There’s another AC downstairs too.  
 
Participant B’s husband: That never gets used.  
 
Participant B’s daughter (walking past): Every morning, half an hour 
 
Participant B: Oh? Ok yeah… Just in summer Steve, when it’s hot. 
 
Based on a number of these intra-familial discrepancies and inconsistencies of 
opinion and attitudes, it was determined that a richer picture of energy consumption, 
family practices and interactions could be gathered by amending the methodology 
towards a more inclusive whole-of-family approach. This gave rise to a re-
consideration of the methodology, eventually resulting in the whole-of-family self-
authored video interview methodology explained in Section 3.5 and employed in 
Chapter 8.  
 
One of the key findings made using the self-authored video interview methodology 
was the tendency for energy management to be one particular family member’s 
responsibility in the same way other household labour might be divided among 
family members. For this reason, despite all family members being instructed to 
participate by the researcher, upon picking up the cameras, it was found that this had 
not always been the case. On more than one occasion when picking up a camera the 
researcher was met with statements along the lines of “it’s just me on the video, my 
wife assumed you wouldn’t want her opinion because she doesn’t really look at it 
[the eco-feedback]”. On these occasions the camera was left with the family for an 
additional week such that the other family members could contribute.   
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Video revealed discomfort, disinterest, engagement and enthusiasm and other 
affective aspects that were revealed less through a more shepherded processes such 
as contextual interview. Subsequent use of this methodology could benefit from 
ideating alternative ways of stressing the importance of whole-of-family involvement 
irrespective of use, in order to minimise the number of re-deployments. In sum 
however, self-authored video interviews represented an important instrument in 
exploring the nuances of family life in relation to energy use in the home and we 
advocate the incorporation of this methodology into subsequent research of this 
nature.  
 
9.3.3 The value of distance between researchers and the research artefact 
This research differs from a large body of eco-feedback research in that we as 
researchers were completely uninvolved in the technical design or installation of the 
artefacts that were studied- i.e. the eco-feedback systems. While initially this was a 
concern, insofar as our inability to easily modify the research artefact through the 
course of the research, on reflection it is believed that this disconnect was 
advantageous given the ease and the extent to which participants were able to be 
candid about their experiences of the eco-feedback. Participants were frank and 
unguarded in their assessments of their eco-feedback systems and we believe such 
frankness may not have been so forthcoming if the participants had identified the 
eco-feedback as “ours”; i.e. something that we as researchers had designed ourselves 
or presented to them with an implicit expectation that they would use it. We believe 
that further in-the-wild research may benefit from this form of disconnect between 
researcher and research artefact. 
 
9.3.4 Not immediately blaming the research artefact for poor performance 
As discussed in Chapter 7 and in Section 9.2.3, many of the simple energy monitors 
installed in 18 of the 23 Brisbane participants’ houses were found to have become 
backgrounded over time and not to have provided lasting engagement to the vast 
majority of the families. Because of the simplicity, size and limited functionality of 
the energy monitor, the design of the interface itself was an easy target for blame. 
Throughout the course of the interviews however, it was found that many other 
factors were at play that were completely unrelated to the monitor itself. These are 
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summarised in Section 9.2.3 (above). As such, a key reflection from this research and 
a recommendation for future research is not to automatically blame to the artefact 
itself for unexpected performance and to instead look beyond the design of eco-
feedback at the broader personal and social issues and how these issues affect use.  
 
9.3.5 Further reflections and limitations 
In addition to the key reflections outlined above, further reflections on the research 
process involve the acceptance of the following factors and limitations: 
 
1. People’s busy routines do not always prioritise research agendas, which made 
it difficult at times to secure participation.   
2. Delays with the installation of the Ecosphere eco-feedback systems and 
subsequent technical malfunctions impacted upon research timeframes and 
did not allow for as many self-authored video interviews as originally 
intended, limiting the sample size for this methodology 
3. The delays mentioned in (2) meant that quantitative energy use data for the 
househoulds, which would have made it possible to determine actual energy 
savings made by families over the study period, was not available.  
4. The research is geographically constrained to South East Queensland. 
Because of the sub-tropical climate, the focus of energy consumption in 
relation to thermal comfort is on biased towards air conditioning use rather 
than heating. As a result, these findings may not be as applicable to different 
climatic zones. 
5. The majority of participants were from English speaking backgrounds and 
were of Australian or European descent. As a result we caution against 
generalising these findings to different cultural groups and suggest that 
further research is warranted into the effect of different cultural norms on 
energy consuming practices in the home.  
 
9.4 SUMMARY AND CLOSING REMARKS 
This research has provided a specifically bottom-up human-centred appraisal of 
energy use and more particularly interactions with eco-feedback. Eco-feedback 
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represents a critical means of visualising the often invisible commodity of energy use 
in the home. Priority has been given to understanding what people do with eco-
feedback (as opposed to what eco-feedback does to people) and how the rationale for 
eco-feedback deployment may be extended beyond commonly understood limits. 
Key implications of the research include: (1) that an overemphasis on persuasion has 
served to limit the scope of eco-feedback research and design; (2) eco-feedback does 
not guarantee user-engagement over the long term and that effort should be spent 
designing for users in the long term; (3) that privacy needs to be recognised as a 
pervasive concern affecting energy consumption in the home; and (4) that including 
all family members in eco-feedback studies is critical in providing a holistic 
understanding of the social context of energy consumption.  
 
In response, this research has identified ways in which eco-feedback research may be 
able to transcend the perception of energy savings as the primary metric of success; 
engage users over longer time scales; allow users to socially share information 
related to energy consumption without compromising privacy and; has contributed a 
novel methodology suitable for engaging all family members in discussions of eco-
feedback and energy use. 
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APPENDIX A 
 
 
TOWARDS ENGAGED CONSUMPTION: NEW SOURCES OF 
INSPIRATION FOR ECO-FEEDBACK DESIGN 
 
Snow, Stephen & Brereton, Margot (2013) Towards engaged consumption: new 
sources of inspiration for eco-feedback design. Lecture Notes in Computer 
Science, 8120, pp. 117-124. 
 
PREAMBLE 
The purpose of this paper was to continue to push the envelope of eco-feedback 
research beyond traditional boundaries and explore alternative sources of design 
inspiration for eco-feedback. The paper first discusses the contributing factors behind 
the widespread disengagement of many western world consumers with their 
electricity use; then, drawing on examples of resource use in the developing world, 
the paper outlines suggestions for how eco-feedback might transition Western 
consumers towards a more engaged consumption. Suggestions include (1) eco-
feedback providing for or simulating pre-payment for electricity with the real 
possibility of the house losing power if the electricity credit is allowed to drop below 
zero, (2) Eco-feedback providing cumulative billing, appliance and practice specific 
consumption comparisons, and; (3) eco-feedback better facilitating the sharing of 
eco-feedback information within and beyond families. 
 
This paper was not included in the main thesis because time limitations and research 
commitments did not allow us to follow through with subsequent design 
interventions and intentions outlined in the paper. It is, however, published in the 
INTERACT 2013 conference proceedings in the ACM Digital Library. 
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ABSTRACT  
Eco-feedback interventions are capable of producing reductions in household energy 
consumption. Yet less is known about exactly how this redution is achieved, how to 
maximise user engagement, or how to effectively trans-late engagement into energy 
saving. This paper discusses design opportunities for eco-feedback systems through 
observations of domestic energy use in both Western and rural developing world 
contexts. Drawing on case studies from these two contexts including 21 empirical 
interviews, we present an alternative framework for human-resource interaction, 
highlighting design opportunities for a transition towards more engaged and 
sustainable energy consumption among users.  
Keywords:  
Eco-feedback, resource use, electricity, engaged consumption 
INTRODUCTION 
Domestic energy consumption continues to grow in saliency in the global conscious-
ness due to its contribution to environmental issues such as climate change and the 
challenges associated with peak demand [10]. Providing households with improved 
feedback on their energy use (eco-feedback) has emerged as a fruitful means of ad-
dressing these challenges through heightening energy-awareness, better informing 
consumption decisions and potentially facilitating pro-environmental behaviours [2, 
4, 5]. Research suggests that eco-feedback interventions such as energy monitors or 
interactive in-home displays are capable of producing significant reductions in 
household consumption, yielding average energy savings of approximately 7 to 14% 
for the time they are installed [3]. Less is known however, about the processes 
through which this conservation effect is achieved or which eco-feedback attributes 
best facilitate engagement and energy savings [6]. Similarly, while many eco-
feedback studies assume a direct link between raised awareness and energy savings 
[6], social psychology literature suggests heightened awareness is not a reliable 
predictor of behaviour change [9]. What is clearer is that many Western consumers 
are substantially disconnected from the energy resources they consume [9] and that 
eco-feedback has the potential to help bridge this divide [5]. 
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Adopting a broader frame of reference, one could justifiably question the significant 
amounts of time and effort being invested in this field by HCI researchers, when 
approximately one third of the world’s population still rely on burning biomass as 
their primary source of energy [7]. Despite the peak demand issues being 
experienced in many parts of the world, 25% of the world’s population still lacks 
effortless access to electricity [1] and cannot directly benefit from conventional eco-
feedback. On the other hand, these populations unwittingly have a far stronger 
understanding and appreciation of the relationships between their everyday practices 
and their resource consumption. For instance, they physically gather the energy 
resources they require in many cases rather than simply flicking a switch or turning a 
tap.  
 
Considering eco-feedback has the potential to better engage Western consumers with 
their energy consumption [5], we believe this field of enquiry has much to gain from 
studying practices of people in less developed countries who are already more 
engaged in this regard. This can serve to inform the design of eco-feedback 
technology and in turn, provide inspiration for designs that may benefit these 
communities as well.  
 
The purpose of this paper is to investigate eco-feedback design through the lens of 
the human-resource interactions which take place in the home and the underlying 
infrastructures and mentalities that shape these interactions. Drawing from examples 
from both Western and rural developing world contexts, including 21 interviews with 
suburban Australian households, we illustrate the discrepancy in engagement with 
consumption between the two contexts. We then present a framework for human-
resource interaction and highlight some of the many design challenges associated 
with eco-feedback effectively transitioning users towards more Engaged 
Consumption.  
 
THE STORY OF TWO WORLDS OF ENERGY 
The Western context 
The relationship between everyday practices and domestic resource consumption, 
whilst inextricable, is often poorly understood in Western contexts [10]. The 
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continual disparity between the spheres of production and consumption represents a 
major obstacle to consumers becoming better engaged with their domestic resource 
use [9]. Electricity and water consumption for instance result from practices in the 
household sphere which can be unpredictable, changeable and based on social, 
cultural or external influences [10]. Yet in Australia, the billing mechanisms for 
these ‘services’ still consist of infrequent unitemised invoices which distil the 
multitude of actions creating the consumption into a single value. This has 
contributed to a mentality of disinterest among many suburban Australian consumers 
towards their resource consumption. Sofoulis [9] argues this is at least partly due to 
the longstanding dominant socio-technical systems for supplying water and 
electricity. In suburban Australia, large centralised utilities have assumed all 
responsibility for the supply and (in the case of waste water and sewage) disposal of 
these resources as a ‘service’ to their customers [9]. As a result of this centralised 
municipal system, an illusion is created of ‘endless supply’ at the other end of a 
power socket or tap [9]; a misconception that was actively promoted by electricity 
authorities in previous decades: 
 
“Now, under the Council’s new Tariff of Penny Units… You can use 
Electricity for every purpose without counting the cost... No need to worry 
about switching off the lights, but have peace of mind and contentment with a 
well-lighted home. – You can, without being extravagant, use electricity for 
everything!” (Electricity Topics, Issue 1, pp.8, 1936; reproduced in [8]) 
 
 
The notion of endless supply is further reinforced by the typical home infrastructure 
related to electricity and water consumption. For instance the positioning of the water 
and electricity meters external to the dwelling emphasises that responsibility for the 
management of these resources lies outside of the home [9]. Many years of cheap 
and stable electricity prices have further reinforced this disengagement among 
suburban Australians with their energy consumption, thereby limiting motivation to 
better understand the factors affecting their consumption or adopt conservation 
practices.  
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Providing consumers with better feedback on their energy use represents a means of 
bridging this gap in energy-literacy and facilitating a more Engaged Consumption 
among consumers [4]. However, considering the weak correlation between 
awareness and behaviour change [9], a key feature of Engaged Consumption and 
thus a challenge for designers, should be to effectively translate engagement into 
energy conservation. 
 
The rural developing world context 
Despite facing far more significant challenges, disconnection from resource 
consumption and lack of conservation awareness is not a problem facing many of the 
hundreds of millions of people living in rural areas in the developing world. For 
those who remain without effortless access to electricity and water, resource 
consumption is a far more tangible, visual, physical and social activity [1]. The link 
between everyday practices and resource consumption is more explicit, for instance, 
the same user may gather the resources themselves prior to overseeing and regulating 
their consumption [7]. In this context, feedback on usage is visual and immediate and 
often requires a prompt response, such as stoking a fire or filling a lamp. 
 
Bidwell et al. [1] report on the design and deployment of solar-powered charging 
stations for mobile phones in the district of Mankosi on the Eastern Cape of South 
Africa. For many here, electricity is used for the single purpose of charging phone 
batteries and the supply source (the sun), the distribution network (wires) and the 
electricity consumption (phones being charged) can all be visualised within a single 
line of sight. This visualisation contrasts starkly with the act of plugging a charger 
into a socket on the wall, which many Western consumers are familiar with. In 
Mankosi, electricity consumption is often a very explicit social process; locals 
gathered at the mobile charging stations to chat with the charging facilitator and 
other locals. Users became aware of the factors affecting consumption such as cloud 
or rain through such informal conversations [1].  
 
Another disparity between domestic resource consumption in the developing world 
and the West is the amount paid for electricity; both in terms of financial capital and 
physical effort. Using the example of Sagar Island in West Bengal, India [2], men 
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and boys from villages walk to makeshift battery charging businesses to rent car 
batteries. These batteries are carried home to provide power for lighting, entertain-
ment and other uses during the evening. For these simple privileges and the social 
status they afford, villagers exert considerable physical effort and pay the equivalent 
of 10 times the standard electricity tariff in West Bengal [2].  A similar situation 
exists in Mankosi [1] where, in the absence of the solar charging stations, villagers 
walk to establishments with petrol generators and pay around R5.50 (~US$0.60) to 
charge their phone when they can afford to. This cost is similarly exorbitant when 
compared to that incurred by charging a phone battery from a grid-connected 
dwelling in South Africa (~R0.70 or ~US$0.08)2. In both these examples, users have 
a high tacit knowledge of the factors affecting battery life and ways to conserve 
energy [1, 3]. 
INTERVIEW FINDINGS- THE AUSTRALIAN CONTEXT 
In order to explore engagement between Australian consumers and their electricity 
consumption and to seek design inspiration for eco-feedback systems, we began by 
interviewing 21 participants living in Brisbane, Australia. While our findings here 
are limited to suburban Brisbane, over time we aim to balance these with accounts 
from remote Australian communities including primarily indigenous communities 
whose remoteness often dictates they operate more self-sufficiently.  
 
All of our participants lived in dwellings reliant on mains electricity and reticulated 
water and sewage, with 16 of the 21 having opted to receive a small digital energy 
monitor as part of a government sustainability initiative. We were not involved in the 
design or deployment of this monitor and cannot comment on the circumstances in 
which it was installed in the homes. The monitor displayed aggregate household 
consumption instantaneously both in kilowatt hours and in dollars. The interview 
process included a ‘tour’ of the dwelling and included questions covering the topics 
of electricity usage behaviour, electricity feedback and the social sharing of 
information related to electricity.  
2 Indicative only; assuming phone charger draws 3.68W while charging; phone takes 4 hours to 
charge; at ~R47/kWh. Sources: Eksom Schedule of Standard Prices for Local Authority Supplies, 
South Africa http://www.eskom.co.za/c/article/1090/schedule-of-standard-prices/ and Lawrence 
Berkley National Laboratory http://standby.lbl.gov/summary-table.html 
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(Dis)engagement with energy consumption 
Continuous electricity supply was seen by participants as both a necessity and a 
right. Despite this, the connection between understandings of the impact of everyday 
practices upon electricity consumption was found to be somewhat tenuous for many 
participants. For instance “turning off the lights” was mentioned frequently as a 
conservation practice, both in relation to the participants themselves and to teaching 
children. However, considering most participants had replaced their incandescent 
bulbs with energy saving compact fluorescent varieties, turning off lights often 
represented a less effective conservation action than modifications to other comfort, 
cleanliness or entertainment practices. In eight other instances, while participants 
were aware of an appliance consuming a lot of power, such as the air conditioning or 
tumble dryer, its usage was considered non-negotiable. Three participants had signed 
up to a direct debit scheme where an agreed amount was automatically paid to the 
electricity utility each month, thereby distancing them even further from their bills.  
 
“I don’t even get a bill anymore; it’s all on line…. I don’t even see the little 
chart with your energy consumption displayed last year versus this year...  I 
used to but not anymore, it just gets automatically paid” (Interview 1) 
 
Experiences of simplistic eco-feedback 
Despite 16 of the 21 participants having received an energy monitor at some point, 
only half of these were found to be operable at the time of the interview. While five 
of these cases can be explained by technical malfunction caused by the install of 
solar panels, the three other cases were due to neglect such as failure to replace the 
batteries. For the remaining eight working monitors, at the time of the interview half 
were no longer referred to regularly or were found obscured behind other items 
(Figure 1).  
 
 227 
 228 
 
Figure 1: Two functioning electricity monitors obscured from view 
 
Furthermore, despite the prevalence of the energy monitors among the sample group, 
all but one participant still relied on the quarterly bill as their main source of 
feedback on their electricity consumption. Several participants also had trouble 
reconciling their electricity bills with expectations of what they thought their bills 
“should” be, resulting in a disbelief or distrust of the utility responsible for 
generating the bill. These findings correlate closely with Sofoulis’s [9] arguments 
regarding the implicit delegation of responsibility for electricity and water resources 
to external bodies. 
 
 “Sometimes I think the electricity utilities are dudding you all the time… I 
think they’re estimating a lot and I don’t trust them…. I have very set pattern 
of living. And I can’t see how my power bill would triple. TRIPLE over a few 
short years. It doesn’t make sense to me” (Interview 10) 
 
Despite this, all but one of the participants who had received the energy monitor 
claimed they had drawn some benefit from it at some point. In most cases however, 
engagement with the device had not been long lasting, or they had experienced 
difficulty relating the information displayed on it to specific actions or practices.  
 
“When we first got it I looked and it and I thought it was fascinating, but I 
didn’t understand it. Like it just says, y’know, 0.68 or something and I went 
“that’s interesting”, but I couldn’t relate it to (anything).... I know obviously 
the lesser the figure the better it is, but that’s all”. (Interview 20) 
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Nearly all of the participants stated they would like additional feedback. In relation 
to their “ideal” electricity feedback system, the only attribute that was consistently 
mentioned as being desirable across the whole sample group was the provision of 
appliance specific feedback. This finding correlates with those of other HCI 
researchers in the field [5]. The desirability of many other attributes, for instance 
spatial comparison, social comparison, positioning and means of accessing feedback 
varied, with these attributes being desirable to some participants and undesirable to 
others.  
 
Conversations related to energy consumption 
Finally, we found an interesting disparity between participants’ accounts of their 
conversations regarding (1) electrical appliances that contribute towards energy 
consumption and (2) absolute measures of consumption such as electricity bills. 
While appliances were discussed by most participants in social circles and between 
friends, especially prior to making a purchase; only six of the 21 interviewees 
mentioned they shared their bill amount with anyone outside of their immediate 
family. This does not mean that the bill was considered a secret or private thing, as 
only three participants described it as such, but simply that conversations regarding 
measurements of electricity consumption were generally contained within the family 
home, whereas conversations about appliances and their use were shared. 
 
TOWARDS ENGAGED CONSUMPTION- DESIGN OPPORTUNITIES 
Through our case studies and interview findings, this paper illustrates a considerable 
disparity in engagement with domestic resource use between suburban Australian 
and rural developing world contexts. Therefore we raise the question of: what lessons 
can be learnt from resource use in the developing world toward better engaging 
Australian consumers with their consumption?  
 
To address this, we highlight design opportunities for a transition towards a new 
framework for human-resource interaction involving more Engaged Consumption 
among consumers. Here we draw inspiration from our case studies, interview 
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findings and findings made by other researchers. Table 1 presents an overview of our 
framework and we explain some important characteristics in better detail below. 
 
Human/Resource 
Interaction 
Mankosi / Sagar 
Island 
Suburban  
Brisbane 
Engaged 
Consumption 
Effort expended to 
access energy 
resource 
 
High: Walking; 
gathering; carrying 
 
Low: Flicking a 
switch, turning a tap 
etc. 
Low/Medium: Effort 
required to purchase 
electricity credit and 
to monitor energy use 
through feedback  
Perceived Benefit/ 
value 
 
Luxury item;  
social status and 
connection; more 
usable hours in the 
day 
Assumed necessity; 
Maintenance of 
lifestyle 
Informed and reduced 
usage, cost; better 
control over 
consumption 
Awareness of  
resource 
consumption,  cost 
High:  Resource 
consumption is 
tangible;  
cash paid for given 
quantity of electricity 
prior to usage 
Low: Little 
appreciation of 
resource use; 
infrequent bill; no 
point of sale 
information 
Higher: Appliance 
and practice-specific 
feedback on usage; 
cumulative bill 
Sociability of 
resource 
consumption 
High; talking while 
charging, walking; 
sharing information 
Low; bills discussed 
mainly within the 
home 
Higher: more social 
learning about  
electricity 
Table 1. A framework for Human-Resource Interaction comparing current experience in Mankosi, 
West Bengal and Suburban Australia with the vision of a more informed and environmentally aware 
Engaged Consumption 
Based on Strengers [10], we consider a key attribute of Engaged Consumption is 
eco-feedback that enables users to relate their resource consumption to everyday 
practice. This is something that is more easily done at present in Mankosi or Sagar 
Island than in suburban Australia. For instance, in developing world contexts, 
paraffin may be used for lighting; wood or coal used for heating and cooking; and 
electricity for entertainment and communication [7]. In many of our participants’ 
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dwellings however, electricity was used for all of these purposes. As such, one 
possible design strategy for eco-feedback systems could be to provide people with 
both appliance-specific (e.g. microwave, cooktop) and practice-specific (e.g. 
cooking) feedback on usage.  
 
In relation to Engaged Consumption effectively facilitating energy conservation, we 
highlight three aspects of resource use in the developing world which serve to shape 
conservation. These include the physical effort required to obtain resources, the 
timing of payment for them and the consequences of wastage. On Sagar Island for 
example, electricity use is defined by the physical effort and high cost involved with 
the battery rental process [2]. Money is paid for a given quantity of electricity prior 
to its use and a direct consequence of injudicious usage is no electricity for the 
remainder of the evening or further physical effort and money spent renting a new 
battery. For many of our participants however, there were no clear indicators of 
electricity wastage, no physical consequences of wastage and the economic 
consequences would not become apparent to them until the next quarterly bill.  
 
Considering it may be unrealistic to introduce physical activity as a pre-requisite for 
access to electricity in Western contexts, we focus on two more achievable reforms 
to human-resource interaction aimed at translating engagement into energy 
conservation. These are: (1) better feedback on inefficient use and; (2) bringing the 
physical payment for the energy closer to the point of consumption. We consider 
introducing or at least simulating (through eco-feedback) a system of pre-payment 
for energy resources to be a key component of Engaged Consumption. In a pre-
payment scenario, the user ‘gathers’ credit and has an obligation to monitor and 
control usage such that their credit, along with their power or water supply, does not 
run out before the credit is recharged. Eco-feedback is fundamental in any pre-
payment scenario by providing users with information on their consumption and their 
remaining credit, thereby positioning price at the forefront of consciousness and 
counteracting the notion of ‘endless supply’. Opportunities exist here for eco-
feedback that delivers powerful visual representations of money dripping away or 
energy credits disappearing. Furthermore, utility-led systems for energy pre-payment 
are already available in areas of both the Western and developing world and when 
combined with eco-feedback have produced impressive energy saving results [3].  
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A final design opportunity that we highlight as a potential means of achieving 
Engaged Consumption is that of sharing information related to electricity. While 
electricity use was found to be a highly social process in Mankosi [1], we found that 
less than one third of our interviewee respondents shared any billing or usage 
information with those outside of their immediate family. We conclude by 
encouraging HCI designers to look for opportunities for how eco-feedback can better 
facilitate information sharing and social learning about energy use between friends 
and family. 
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